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(54) Double-layer ed Information recording medium having information recording tey&s 



(57) In a double-layered optical disk capable of 
reading two-layer information from one lace, the sub- 
strates constituting this optical dick can hardly peel even 
wifli a dropping shock or a change over tfma The dou- 
ble-tayered optical disk is constituted by a transparent 
first substrate (30; polycarbonate), a first information 
reconfing layer (10), and a second substrate (40) 
adhered to the liret substrate (30) through the first infor- 
mation recording layer (10). 

The first substate (30) has information pits to be read 
win a read laser beam (RL: wavelength: 650 nm] and is 
transparent to this read laser beam. The first Informa- 
tion recorcfing layer (10) to formed on the information pH 
formation surface of the first substrate (30) and is made 
of an inorganic dielectric (ag., SQ having a hiQtw 
refractive Index (refracBve Index; 2 to 4) than fiat of the 
first substrate (30) (refractive Index: 1.6). 
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Description 

The present invention relates to an improvement in 
the structure ol an information recording medium on 
which address information, header Mbrmaiion, moving 
picture information, audio information, and any other 
information are recorded. 

More particularly, the present invention relates to 
an Improvement In a high-density optical cfisk obtained 
by adhering two transparent substrates on which vari- 
ous kinds nf information are recorded as embossed pre- 
pits, wherein at least some of irribrmation recording 
layers having preplte are made of a material having a 
higher refractive Max than that of each substrate of the 
double-layered optical disk. 

In multimedia applications for processing (rage 
information in a large quantity, to meet complicated 
needs and a great Increase in quantity of necessary 
information, strong demand has arisen for a means for 
holding information in a larger size and allowing quick 
information access. A typical example of such an infor- 
mation holding mean? is an optical disk. 

The most popular media belonging to the optical 
disks are a compact cfisk (CD) developed as a recording 
medium for music, a CD* ROM developed as a recording 
medium for computer data, and a laser disk (ID) devel- 
oped as a recording medium for movies (moving pic- 
tures}. These optical disks are difficult to cope with 
future multimedia applications. 

Newcomers for optica] disks which can cope with 
the needs tor large capacities and the high-speed, ftaxr 
Me information access are next-generation main record- 
ing media which are about to be on the market, i.e., a 
digital versatile disk and a digital video disk (to be 
referred to as a DVD hereinafter). 

The capacity of one DVD disk standard, l-O,, the 
capacity of a double-layered DVD having 0.6-mm thick 
transparent substrates (polycarbonate) is about 10 
Obytes on the two faces. Each face has a capacity of 
about 5 Obytes. A t35-minute movie can be com- 
pressed on one face In accordance wJtrt tie MPEG 
(Moving Picture Expert Group) standards. 

A DVD disk employs a double-fayered structure. For 
thfs reason, to read all the Information on the two faces 
of the disk, the disk must be turned over at the end of a 
read operation on one face or a laser pickup (read opti- 
cal head) must be moved from the upper face to the 
lower face of the disk, judging from the operation of a 
conventional optical disk (e,g.. an LD). A user must turn 
over the disk at the end of a reed operation on one face, 
resulting in inconvenience. Aft amatively: an optical head 
lor reading information from the two faces must be 
arranged to complicate the arrangement of a read appa- 
ratus. That Is, a compact read apparatus is difficult to 
Obtain, and the product cost becomes high, thus posing 
a problem. 

To solve the above problem (i.a, the disk must be 
turned over, or the complicated two-face read mecha- 
nism is required), the taltowtng structure is ernpfoyed in 



a DVD disk. More specifically, a semi-transparent fBm is 
used as a recOrtfng layer (first recording layer) on the 
read laser receiving face toper face} facing an optical 
head and information on a recording layer (second 

$ recording layer) on the face dower face) opposing the 
optical head can afso be read With this structure, the 
optical disk is always located on one face (upper face) 
side of the disk The read face is switched by changing 
the focal point jot the optical head between the first and 

ic second recording layers. 

In this case, tha transrrf ttance of the first recording 
layer transparency to the read laser beam) an the 
upper face sfdjs must be Ngh to property read informa- 
tion from the second recording layer as the lower face. 

is The reflectancje of the first recording layer (reflectance 
with respect to the same read laser beam as the trans- 
mitted laser beam) must be high. 

Normally, Ja high transmfttance contradicts a high 
reflectance with respect to the same loser beam The 

a) number of tieirismisskyvreflection materials which bal- 
ance the above contradictory factors on a practical levef 
is limited. An example of such a material is a very thin 
gold film. When tie first recording layer on the upper 
face side of the optical disk is made of a very thin gold 

ss film, it is difficult to assure the mechanical slrength at 
this gold fflm jbortion because two disk substrates are 
adhered to each other through the very thin gold film. 
That is, when! e user drops a doubfe4ayered disk in 
which the very thin gold film is present on the adhesion 

30 lace, the two substrates ol the double-layered disk may 
peel at this goJd film portion due to a shock Even in me 
absence of a drooping shock, the two substrates of the 
ctouble- layered disk may peel at the thin gold fBm por- 
tion after fongkerm storage or m a Wghrtemperature. 

os high-humidity accelerated degradation test In eddrttoa 
since gold is an expensive material, It Is disadvanta- 
geous to empljoy a thin gold film due to the disk manu- 
facturing cost. 

It is the first object of the present invention to pro- 

40 vide a double-layered information recording medium 
capable of reading information en one or both of record- 
ing layers on two disk substrates from one face side of 
the doutte-layerad disk, wherein the two disk substrates 
can hardly peel by a dropping shack or a change over 

& time, I 

It is the second object of the present Invention to 
provide a method of manufacturing the above double- 
[ayered information recording medium 

In order to 1 achieve thefimt object desenbed above, 

so an Information! medium according to tiie present Inven- 
tion comprises: a first substrate (30) having an informa- 
tion pH read With a predetermined light beam (RLj and 
transparent to the predetermined light beam (RL); a first 
Information resordlng layer (10) formed on an intorma- 

55 Hon pft formarjon face of the first substrate (30) and 
made of an inorganic dielectric (Si, TrO^ SfeNs or 
S13N4} having la higher refractive index {n - 4 for Si; n - 
2jS ter TIOb; n - 2.0 for SigN*) than mat of the first sub- 
strate (30); and a second substrate (40) adhered to the 
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first substrate (30) through the first Information record- 
ing layer (10). 

In the recording medium having the above struc- 
ture, even if tha inorganic cSefectrfc (Si, TlOg, or Si&N 4 ) 
layer Is not excessively made thin a high transmfflance s 
and a rtigh reflectance can be obtained with respect to 

tha read beam (e.g., m FK3. 6, see a transparency Tend 
a reflectance R of a sBlcon rhfn fflm having a thickness 
of 20 or 80 nm). Since the thickness of this inorganic 
dielectric layer can be assured to some extent peeling to 
of the two dJsK substrates by a dropping shock or a 
change over time can hardly occur. 

Another Information recording' fire diurn according to 
the present invention comprises; a first substrate (30) , 
having an information pit read with a predetermined ts 
light beam (RL) end transparent to the predetermined 
light beam (RL); a first Information record ng layer (10) 
formed on an information pit formation face of the first 
substrate (30) and made of an inorganic dielectric [S. 
Ti0 2l Si^Ng or SigN^) having a higher refractive index (n so 
= 4 for Sr, n = 2.2 for TiQ 2 ; n a 2.0 for 8i a N 4 ) than that of 
the first substrate (30); a second substrata (40) having 
another information pit read with the fight beam (RL); a 
second information recording layer (20) formed on an 
i nfo rm atio n pit formation face of the second substrate sb 
(40) and made of a reflection material (Al, Ai -Mo) which 
reflects the light beam (RL); and an adhesive layer (50) 
for adhering the first substrate (30) and ire second sub- 
strate (40) so that the first information recording layer 
( 1 0) faces the second information recording layer (20). so 

In the recording medium having irtte structure, since 
the thickness of this inorganic dielectric layer can be 
assured to some extent peeling of me two disk sub- 
strates by a dropping shock or a change over time can 
hardly occur Since the inorganic dielectric layer consti- as 
Ming the first information recording layer { 1 0) can have 
a high tra remittance and a high reflectance with respect 
to the read light beam, information on the second infor- 
mation recording layer (20) can be read on the practical 
level even if the inorganic dielectric layer is present in to 
the optical path of the read tight beam. 

Stilt another information recercSng medium accord- 
ing to the present invention comprises: a transparent 
disk-Eke first substrate (30) on which Information is 
recorded as an embossed pHt; an inorganic cfielectric 45 
film (1 0) formed on an embossed pit side of the first sub- 
strate (30) and having a higher refractive index (n a 4 for 
Si; n - 2.2 for T1O2; n « 2.0 for Sl a Nj) than that (about 
1.6 for polycarbonate) of the first substrate (30); a sec- 
ond substrate (40) having the same shape as the first so 
substrate (30); and an adhesive portion (50) for adher- 
ing the fa st substrate (30) and the second substrate (40) 
so that the inorganic dielectric film (10) feces the sec- 
ond substrate (40). 

Still another information recording medium accord- ss 
ing to toe present invention co m pri se s: a transparent 
disk-like first substrate (30) on which information is 
recorded as an embossed pit; en inorganic dtoJectrta 
film (10) formed on an embossed pit side of the first sub- 



strate (30) and having a higher refractive index (n = 4 for 
Si; n - 2.2 for TiOg; n - 2.0 for S13N4) than that (about 
1 .6 for polycarbonate) of the first substrate (30) ; a disk- 
like second substrate (40) on which another information 
is recorded as an embossed q% a reflection film (£0) 
formed on an embossed pit side of the second substrate 
(40); and an adhesive portion (50) constituted by a 
transparent organic material to adhere the first sub- 
strate (30) and the second substrate (40) so that the 
inorganic dielectric fDm (10) faces the reflection fim 
(20). 

Still another irrforrnation recording medium accord- 
ing to the present invention comprises: a transparent 
disk-like first substrate (30) on which Info rmati on Is 
recorded as an embossed ptt; an inorganic cfielectric 
(ZnS • SlOg) film (10) formed on an embossed pit side of 
the first substrata (ao) and having a higher refractive 
index than that (1.55 ±0.10: about 1.8 tor polycar- 
bonate) of the first substrate (30); a disk-like second 
substrate (40) on which another information is recorded 
as an embossed pit; a write/read, write/r sad/era s«. or 
overwrite enable recording film (90) formed on an 
embossed pit side of the second substrate (40); and an 
adhesive portion (50) made of a transparent organic 
material to adhere the first substrate (30) and the sec- 
ond substrate (40) so that the inorganic dielectric film 
(10) faces tne recording fUm (90). 

The recording medium havi ng this structure has the 
readrwrite enable recording fim (90) and therefore can 
constitute a large-capacity optical disk RAM. 

A method of manufacturing an informal ton record- 
ing mecfium according to the present Invention com- 
prises: tha first step (ST10 to ST22 in FIG. 13) of 
forming an inorganic dielectric film (1 0; for example, Si) 
having a first predetermined thickness (e.g., 20 nm) on 
a pit formation face of a transparent disk-like first sub- 
strate (30) 011 which information Is recorded as an 
embossed pit. the inorganic dielectric film having a 
higher refractive index (about 4 for SI) than that (1,55 
±D. 10; about 1 .6 for polycarbonate) of the first substrate 
(30) ; the second step (ST30 to ST42 in FIG. 1 4) of form- 
ing a reflection film (20) haying a second predetermined 
thickness (ip to 100 nm) on a pit formation face of a 
disk-Eke second substrate (40) on which information is 
recorded as an ernbossed pit; and the third step (steps 
in FIGS, 9 to 12 or steps in FIGS. 20A to 20D) of facing 
a face on which the inorganic dielectric film (10) of the 
first substrate (30) Is formed In tha first step and a face 
on which the reflection film (20) of tha second substrate 
(40) Is formed in the second step, and adhering the first 
substrate (30) and the second substrate (40) through a 
transparent adhesive layer (50). 

Still another In for mat ion recording medium accord* 
ing to the present invention comprises: a first substrate 
(30) having an information pit read with a predetermined 
6ght beam (RL) and transparent to the light beam; a first 
information recording layer (10) formed on an informa- 
tion pit formation face of the f frst substrate and made of 
a material (eg., silicon or silicon nitride) having a higher 
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refractive Index than that of the first substrate: a second 
substrate (40) adhered to the first substrate so as to 
interpose the first inffrrnatfon recording layer through a 
predetermined adhesive layer (50); and a second infor- 
mation record frig layer (20) formed on an information pit b 
formation (ace of the second subsfraie, 

wherein physical properties {e.g., retractive indi- 
ces and thicknesses) of the first substrate, the first infor- 
mation recording layer (1 0). the adhesive layer (50). and 
the second information recording layer [20) are deter- 
mined go th&t reflectances of (he first information 
recording layer (10) and the second information record- 
ing raver (20) are set to about 1&% or more each with 
respect to the light beam (RL) Incident from the first Sub- 
strate (30) to the second substrata (40). 1S 

The reflectance for the light beam (RL) is set to fall 
within the rango of about 18% to about 30%. 

The first Information recording layer (10) can be 
made of silicon nitride (e.g.. SI^N*), 

The adhesive layer («>) is made of an ultraviolet so 
curing resin having a thickness of 40 urn to 70 urn. 

In order to achieve the second object, a method of 
rnexiufecturtng an Information recording medium 
according to the present invention comprises: the first 
step (ST 10 to 3T22 in FIG. 13) of forming an fnornarric se 
dielectric film (10; &g M ZnS * Sicy having a first prede- 
termined thickness (e.g. , 20 run) on a pit face of a trans- 
parent disk-like first substrate (30) on which information 
is recorded as an embossed pit the inorganic dielectric 
film having a NQher refractive index (about 4 for Si) than $o 
that (1 .55 ±0. 1 0 ; about 1 .6 for polycarbonate) of the first 
substrate (30); the second step (ST50 to STB4 in FIG. 
15) of forming a phase change recording film (90) hav- 
ing a second predetermined thfctoiess (e.g., 20 nm) on 
a pit face of a disk-like second substrate (40) on which & 
information is recorded as an embossed pit the phase 
change recording film (90) being subjected to a reversi- 
ble phase change between an amorphous phase and a 
crystalline phase; and the third step (steps in FIGS, 9 to 
12 or steps In FIGS- 20A to 20D) of facing a face on 4t> 
which the inorganic dielectric frtm (10) of the first sub- 
strate (30) is formed in the first step and a face on which 
the phase change recording film (BO) of the second sub- 
strate (40) Is formed in the second step, and adhering 
the first substrate (50) and the second substrate (40) «r 
through a transparent adhesive layer (50). 

This Invention can be more fully understood from 
the fallowing detailed description when taken In con- 
junction with the ncnornpanying drawings, In which: 

so 

FIG. 1 isaplanvlewofadouble-layered optical disk 
according to an embodiment of the present Inven- 
tion when viewed from a read laser receiving fees; 
FIG. 2 is a view fllustratlng part of the section along 
the line (II) -(II) of FIG. 1; $5 
FIG. 3 is a partial sectional view illustrating the data 
recording portion (embossed pits) Of the doubte- 
fayered optical disk (road only); 
FIG, 4 is a partial sectional view Illustrating the data 



recorcTog portion {embossed oils) of the double- 
layered optical disk (both read and write); 
FIG. 5 is a block diagram tor exptalnfng the arrange' 
men* of an optical disk drive apparatus for evaluat- 
ing the performance d the double-layered optical 
cask In FIG.1; 

FIG. 6 fs a graph tor explaining how the reflectance 
and transparency of a first recording layer (a silicon 
layer having refractive Index n - 4) in FIG. a change 
when the thickness of first information recording 
layer 10 is changed; 

FIG. 7 is a side view for explaining a sputtering 
apparatus for forming first or second information 
recording layer 10 or 20 on the double-layered opti- 
cal cfisk shown In FIG. 3 or 4; 
FIG. S ra a plan view for further explaining Ihe 
arrangement of the apparatus shown in FtG. 7; 
FIG. 9 Is a side view for explaining the operation 
sequence of an apparatus far adhering the sub- 
strates (e.g., first disk substrate 30 having recording 
layer 10 end second disk substrate 40 having 
recording layer 2Q in FIG. 3) of an optical disk 
formed by ttie apparatus shown In FIG, 7; 
FIG. 10 is a plan view showing a state in which a 
second disk substrate (40) is placed on a first disk 
substrate (30) on which an adhesive (220) is 
poured in the apparatus shown in FIG. 9: 
Ra 11 is a side view for explaining an operation 
(spin coating) for uniformly forming a thin layer (50) 
of the adhesive (220) between the substrates by 
rotating at a high speed the pair of substrates (sub- 
strates 30 and 40) which interpose the adhesive 
(220) in the apparatus shown In FIG. 9; 
FIQ. 12 is a view for explaining an ultraviolet irradi- 
ation step of curing the adhesive layer (urtrevicJet 
curing resin 50) of the douUe-layered optical disk 
(OD) formed by the apparatus to FIGS. 9 to 1 1 ; 
FIG. 13 is a flow chart for explaining the sequence 
for forming first Irtamaflon recording layer 10 (an 
inorgarrlc dielectric thin film; Si layer 10 on sub- 
strate 30 in FIG. 3; ZnS - SiOa layer 1 0 on substrate 
30 in FIG. 4) for the double-layered optical disk by 
using the apparatus shown in FtG. 7; 
FIG. 14 is a flow chart for exptatatng the sequence 
for forming second Information recording layer 20 
(an aluTninurr^itolybdenum thin fUm) for the double- 
layered optical disk by using the apparatus shown 
in FIG; 7; 

FIG. 15 is a flow chart far explaining the sequence 
for farming recording layers (90 to 94) and a reflec- 
tion layer (20) on one substrate 40 for the double- 
layered optical disk by using the apparatus shown 
in FIG. 7; 

FIG. 16 is a view of a motfflcatton of FIG. 2. illus- 
trating part of a section when the number of infor- 
mation recording layers of dooMe-layered optical 
disk OO is one: 

FIG. 17 is a view of another modification of FIG. 2. 
illustrating part of a section when the number of 
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information recording layers of double-layered opti- 
cal disk OD is one; 

FIG. 18 Is a view of still another modification of FIG. 
2, Illustrating pan of a section when the number of 
rnfcrmation recording layers of double-layered opti- s 
cal disk OD is four; 

FIG. 19 Is a view of still another modification of FIG. 
2, illustrating part of a section when the number of 
information recording layers of double-layered opti- 
cal dfsk OD is three; and fa 
FIGS. 20 A to 20 D are views shewing another 
method of manufacturing double-layered optical 
disk OD obtained by adhering semi-cfisk-lfce sub- 
strates 30 and 40 obtained in the steps inFKSS. 13 
to 15. is 

A double-layered information recording medium 
according to an embodiment ol the present invention 
will be described with reference to the accompanying 
drawing. To avoid a repetitive description, the same ref- so 
erenc.e numerals denote the same parts having the 
same functions throughout the plurality of views, 

FIG. 1 (a a plan view of double-layered optical disk 
OD used as an example of a doubted-layered informa- 
tion recording medium of the present inventon when ss 
viewed from a read laser receiving face side. This opti- 
cal dtek OD has a thickness of 1.2 mm obtained such 
that two substrates each having an outer diameter of 
120 mm, central hole 70 having a diameter of 15 mm. 
and a thickness of 0.6 mm are adhered to each other, w 
Each substrate has a doughnut-like information record- 
ing layer (only first Information recording layer 10 on one 
substrate is Ifiustrateo* In FIG. 1). Each of the doughnut- 
like irrforrnation recording layers has an inner diameter 
of aboul 45 mm and a maximum outer diameter of about ss 
117 mm. 

FIG. 2 illustrates part of the enlarged section along 
the line (II) - {II) of double-layered optical disk OD in 
FIG, t. As shown In FIG. 2. when viewed from the side 
on which read laser beam RL (e,g„ a semiconductor 40 
laser beam having a wavelength of 650 nm) is incident, 
this disk OD comprises polycarbonate substrate 30 
(thickness of about 0.6 mm) for holding the first Informa- 
tion recording layer, first Information recording layer 10 
(a Bomj-traneparertt flm having a higher refractive index 4s 
than thai of substrate 90; thickness of about 20 nm to 
1,000 nm) on which information is recorded as 
embossed pfts, an adhesive layer 50 (e.g., an uttravtotel 
curing resin) transparent to laser beam RL second 
Information recording layer (reflection film; thickness of so 
40 nm or more, e.g.. about 1 00 nm) 20 on which second 
information (information on the lowor bee of dtekOD) is 
recorded as embossed pts, and polycarbonate sub- 
strate 40 for the second information recording layer. 

Nets thai labs! LB on which Information (visual pat- ss 
tern information such as characters, a picture; and a 
pattern) associated with recorded information (first 
information and second information) is adhered, as 
needed, on the lace of substrate 40 which opposes sub- 
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strata 40 an which read laser beam RL is incident. 

FIG. 3 is a partial sectional view of the data record- 
ing portion (embossed pits) of the double-layered opti- 
cal disk (read only) in FIG. 1. Inorganic dielectric 10 
constituting the first information recording layer consists 
of silicon (Si ) having refractive index a of about 4. Inor- 
ganic dielectric 1 0 may be made of another semi-trans- 
parent film having a higher refractive Index than that (n 
m 1.6) of polycarbonate substrate 30. For example, a 
titanium oxide (TrO^ having refractive index q of 2.2 can 
be used to constitute the inorganic dielectric ol first 
Information recording layer 10. 

Rrst information recoiding layer 10 may be made of 
silicon nitride O3N4) having refractive Index a of about 
2.0. 

Each of the refractfva indices of layer 10 and sub- 
strate 30 is made higher than thai of substrata 30 to 
reflect laser beam RL focused and incident on layer 10 
at the interface (i.e., a face on which the refractive index 
abruptly changes) between layer 10 and substrate 30 (if 
the refractive index of layer 10 is equal to that of sub- 
strate 30, layer 10 and substrate 30 are regarded as an 
optically homogenous material with respect to laser 
beam RU and no reflection of the laser beam occurs at 
this interface*, bi this case, almost no reflected laser 
beam RL10 is obtained from layer 10. and the first infor- 
mation recorded on layer 10 cannot be read). 

The thickness of inorganic dielectric layer 10 can be 
selected from the range of 20 nm to 1,000 nm. and more 
preferably from the range of 20 nm to 280 nm (the 
ground for determining the thickness of Inorganic die- 
lectric layer 10 will be described later with reference to 
fig. e). 

Thin film 20 for the second information recording 
layer is made ol a reflection material such as aluminum 
(A!) or an aturninum-mdybdemm alloy (Al-Mo). 

The thickness of aluminum -molybdenum alley thin 
film 20 tor forming the second fn formation recording 
layer is selected to be 40 nm or more to obtain a practi- 
cally sufficient laser beam reflectance of layer 20 
(reflectance of 80% or more). In this embodiment the 
thickness of second information recording layer 20 is 
selected to be about 1 do nm. 

oacono inTorrnQuon recording layer at can oe 
formed using only aluminum However, when a refrac- 
tory metal such as molybdenum, tantalum, cobalt, chro- 
mium, titanium, or platinum is alloyed with aluminum, 
degradation (envfronmBntal reliability) over time in the 
reflectance of thm tarn 20 for the second Information 
recording layer can be greatly improved. 

MoJytdenum has a function of improving antiaxtoa- 
tion of second irrforrnation recording layer 20. The con- 
tent of molybdenum has. an optimal rang a and falls 
within the practical range of 1 at% to 20 at%. The 
molybdenum content In aluminum-molybdenum alloy 
thin film 20 preferably fells within the range of 1 affc to 
20 at%. In this embodiment, the molybdenum content is 
sat to 20 at%. When fha molybdenum content exceeds 
20 af&. laser beam reflectance of second information 
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recording layer 20 decreases even H the thickness of 
thin film 20 is assured to be 40 nm or mora 

The following operation is performed to read infor- 
mation from the two faces of disk OD without moving an 
optical pickup (corresponding to optical head 600 in 
FIG. 5 to be described later) from one face to the other 
face. 

That is, to read fntormatian (information on the 
upper face) of f frst information recording layer 10 in FIG. 
3. the optical pickup is focused to the embossed pits of 
first information recording layer 10. In this state, Tie opti- 
cal pickup detects reflected laser beam RLio from layer 
10 to read the Information from the upper face of the 
disk To read Information rjrrformalion on the tower face) 
from second information recording layer 20, the optical 
pickup is focused on the embossed pits of second infor- 
mation recording layer 20. In this state, the optical 
pickup detects reflected laser beam RL20 from layer 20. 
thereby reading Information from the lower face of the 
optical disk. 

To read information on the two laces from one face 
side of iho disk as described above, the thickness of 
adhesive layer 50 (an organic material such as an ultra- 
violet curing resin) i6 determined to foil within the actua- 
tion range (working distance) of the objective lens (not 
shown) of the optical pickup (not shown) or within the 
range in which reflected light from a portion other than 
the laser beam -focused fees does not become distur- 
bance for reflected light (RL10 or RL20 in FK3. 3) from 
the focused face. 

More specifically, the thickness of transparent 
adhesive layer SO is determined such that when the 
optical pickup delects reflected laser beam RL10 from 
layer 10, reflected laser beam RL20 Is weakened, and 
whan the optical pickup detects reflected bream RL20 
from layer 20 f reflected laser beam RL10 is weakened. 

When the optical pickup uses a laser beam having 
a wavelength of about 650 nm, and an uttraviotet curing 
resin Is used to form adhesrva layer SO, the thickness of 
adhesive layer 50 preferably falls within the range of 40 
jun 10 70 imrt (55 urn 41 5 pm). 

When the reflectance (%) of first information 
recording layer (serrt^rajisparentfllrri) 10 Is excessively 
high, the amount of laser beam transmitted through 
layer 10 is reduced, and the intensity of reflected beam 
RL20 from second information reoordfng layer (total 
reflection firm) 20 is excessive fy lowered lb the con- 
trary, when the reflectance (%) of first information 
recording layer (ee rrri -transparent film) 10 [s excessively 
low, the intensity of reflected laser beam RLio from 
layer 10 Is excessively lowered even through the inten- 
sity of reflected laser beam RLzo is sufficiently high. 

The reflectance (%) erf first information recording 
layer (semi-transparent fim) 10 must be maximized as 
far as a sufficient intensity is assured for reflected laser 
beam HL20 from second information recording I oyer 
(total reflection him) 20. From the practical point of view, 
the reflectance of layer (seni-ttarwparentfitm) io is *et 
to about 18% to 90% at present (provided that the 
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reflectance of layer 10 can be assured to be 30% or 
more while sufficiently assuring the intensity of reflected 
laser beam RL2Q in accordance with a method to be 
desenbed with reference to FlQ. e), 

5 Examples of the material of transparent adhesive 
layer sn are an ultraviolet (UV) curing resin, a hot-melt 
type resin, and a double-coated tape without a base, lb 
assure the thickness of adhesive layer 50 to, e.g., 50 tun 
over the entire face of disk OD, a UV resfn or double- 
to coated tape is preferable. In particular, when a spacer 

having a prescribed thickness of 50 um Is used to man- 
age the thickness of adhesive layer SO as in a double- 
layered disk manufacturing method described with ref- 
erence to FIGS. 20A to 20D, It Is most preferable that a 

15 UV resin be spin-coated to form a double-layered cfisk 
(the thickness of this transparent adhesive layer 50 is 
selected from the range of 55±l5jim). 

An exarnpte of the ultravfotet (UV) curing resin used 
to adhere the polycarbonate substrates is an acrylate 

20 resin. When an influence on a reflection film and reliabil- 
ity after adhesion are taken into consideration, an 
epoxy- or ur ethane-based acrylate resin is particularly 
preferable as the UV resin. 

Refractive index n of the UV resin used to adhere 

6 the polycarbonate substrates is selected to be dose to 
the refractive index (about 1.6) of the polycarbonate 
substrate* More specifically, refractive index q of this UV 
resin is preferably managed within the range of 1.5 1o 
1.7. 

oo When gold (Au) ot copper (Cu) fs selected as the 
material of first Information recording layer (serrri-trans- 
parentf Hm) 10, the reflectance 01 layer 10 appropriately 
falls within the range of about 1 6% to 30%. In this case, 
the thickness of layer 1 0 must be as very small as about 

05 5 nm to 20 nm When an extremely tWn metal film Is 
used, a sufficient adhesion strength at the interface 
between layer 10 and adhesive layer 50 cannot be 
assured, and substrates 30 and 40 may peel due to a 
dropping shock or the Eke. Even if substrates 30 and 40 

46 are temporarily property adhered to each other, sub- 
strates 30 and 40 may peel during long-term storage or 
in an accelerated degradation test. 

lb prevent such a ^peeling" accident, an inorganic 
dielectric material such as siBcon is used to form first 

45 information recording layer (semi-transparent film) 10 
so as to assure a certain thickness and obtain a suffi- 
ci entry high adhesion strength at the interface with 
adhesive layer 50. 

An inorganic dielectric such as silicon has a high 

so transparency to laser beam RL (wavelength: 650 nm) 
even If the dielectric has a certain thickness (e.g.. 20 
nm. 60 nm, or 160 nrn). Refractive index n of inorganic 
dielectric layer 10 made of silicon or the Ilka has a 
higher than that of polycarbonate substrate 30 (I.e., n - 

55 4 for silicon wtth respect to n - 1.6 for polycarbonate). 
Therefore, when a laser beam is focused on layer 10. 
laser beam RL is relatively largely reflected between 
subeirste 30 find layer 10. 

Inorganic dielectric layer 10 fs formed to a certain 
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thtcknesc to assure tie adhesion strength of optical disk 
OD. and ai tha same lime, a high transparency and a 
high reflectance o1 layer 10 can be simultaneously sat- 
isfied. 

FIG, 4 is a partial sectional view illustrating the data 
recording portion when double-lay a red optical disk 00 
in RG. 1 Is used for both read and write operations, In 
place of sitioon In FIG. 3, a mixture (ZnS • SiCy of zinc 
sulfide (ZnS) and silicon oxide (SJO^ is used 1o form 
inorganic dielectric layer 10 having a thickness of, e.g., 
20 nm. 

Three layers (90 to 94) obtained by sandwiching 
phase change recording material {GegSbgTes} layer 90 
between two sine sufffcte-Siticon oxide mixture 
(ZnS'SiQa) layers (9fi and 94) are formed between 
ultraviolet curing resin adhesive layer SO and reflection 
film 20 using aluminum (AI) or an aluminum- molybde- 
num alloy (Al-Mo). The thickness of aluminum reflection 
film 20 is selected to, e.g.. about 100 nm. the thickness 
of ZnS * SrO a mixture layer 94 is selected to, e.g., about 
20 nm, the thickness of Ge2Sb 2 Te 5 phase change 
recording material layer 90 is selected to, e.g., about 20 
nm, and the thickness of ZnS ■ SrO g mixture layer 92 is 
selected to. e.g., about 160 nm. 

No embossed pit signals are recorded on read-only 
substrate 40, while read-only information is recorded on 
substrate 30 as embossed pfts. In place of tha 
embossed oft signals, a continuous groove is formed in 
substrats 40. Phase change recording material layer 90 
is farmed in this groove. 

FIG. 5 is a block diagram showing the arrangement 
of an optical disk drive apparatus for evaluating the per- 
formance Of <touUe4ayered optical disk OD shown In 

Fiar 

When each optical disk OD (a plurality of sample 
disks to be described later) Is set In the drive apparatus, 
rotation of the dtek Is controlled by spindle motor 210 
such that a constant linear speed of 3,6 m/s is obtained 
at each radial position (linear speed constant control). 

Optical head 600 re driven by laser driver 610 coo 
totted by CPU 700 to irraeffate a continuous laser beam 
(read laser beam) having a power of 1 mw onto cfisk 
OD. Head GOO rs positioned along the radial direction of 
disk OD by linear motor 602 controlled by linear motor 
controller 604 connected to CPU 700. Head SCO is posi- 
tioned at a track position of disk OD by track drive con- 
troller 60S connected to CPU 700. An operation for 
focusing a laser beam on upper- or lower-face informa- 
tion recording layer to or 20 is performed by focus dnVe 
controller 608 connected to CPU 700. 

When sample diskOO is a read/write disk (see FIGL 
4), a signal to be recorded on phase change information 
recording layer 90 is output from information input signal 
source 614. This recording signal output is supplied to 
laser driver 610 through modulator 612. Laser driver 
610 performs intensity modulation in two steps, La, at a 
power of 10 mW for data recording and a power of 4 
mW for data erasure, thereby driving a laser diode in 
optical head 600. Optical head 600 Irradiates a laser 



beam (write/read laser beam WL) containing signal 
infor mation of, ag., a duty ratio of 50% at 4 MHz onto 
tfsk OD, and records this Information on phase change 
information recording layer 90 of disk OD. 

g A laser beam emitted from optical head 600 is 
reflected by first information recording layer 10 (or sec- 
ond information recording layer 20) of disk OD which Is 
sat In an in -focus state. The reflected laser beam is 
detected by head 600 again. Reflected laser beam infor- 

to amort (road signal) detected by head 600 Is ampmied 
by pre-ampljf ier 61 6 and digitized by digitizer 618. The 
digital signal is input to spectrum analyzer 620. Spec- 
trum analyzer 620 measures the read C/N ratio of first 
information recording layer 10 (or second Information 

is recording layer 20), thereby evaluating detective- 
ness/nonaeiecuveness or uus recoraing layer. 

RG. 6 is a graph for qualitatively explaining 
changes m reflectance R (%) and transparency T(%) of 
laser beam [coherent light having a wavelength of 650 

&> nm) on first information recording layer (a silicon layer 
having refractive index n <= 4) 10 in FIG. 3 when the 
thickness of first information recording layer 10 
changes. This graph is obtained by theoretical calcula- 
tions (simulation) by excluding variations in film thick- 

26 nesses of actual products, crystal defects and 
distortions in inorganic dielectric films, variations in inci- 
dent angles of laser beams, and the like, it should be 
noted that the values in this graph have large differ- 
ences from those of actual products. 

so In coherent light such as a laser beam, when light 
components shifted by a 1/2 wavelength (phase differ- 
ence ti), i.e., opposite-phase components are synthe- 
sized, a subtraction effect (cancellation) occurs to 
reduce the light intensity. To the contrary, when in-phase 

as components (beams having no opposite-phase compo- 
nents; a phase difference is less than n/2) are synthe- 
sized, an addition effect occurs to increase the light 
intensity. 

A light wavelength having a given frequency is pro- 

*o portions! to its propagation speed, and the propagation 
speed Is In inverse proportion to the refractive index. For 
example, a laser beam having a wavelength of 650 nm 
in air having a refractive index of 1 has a wavelength of 
about 160 nm In a substance having a refractive index 

as of 4. The half-wavelength component is 80 nm. When 
two laser beams (opposite phase) are synthesized with 
a shift of 80 nm in a propagation path (40 nm In oneway 
of the reciprocal path of layer 10), these laser beams 
cancel each other. In the structure shown In FfQ. 3, thfs 

so cancelation occurs between the ret [acted beam at the 
Junction between substrate 30 and Si layer 10 and the 
reflected beam at the Junction between Si layer 10 and 
U V resin adhesive layer 50. This cancellation mi rirnfees 
(rjp) reflectance R when the t hic kn e s s of layer 10 is 40 

gb nm. 

The difference in optical path length between light a, 
reflected at the interface between layer 10 and sub- 
strate 30 and Bgttt b reciprocating in reflection layer 10 
at the interface between layer 10 and adhesive layer 50 
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is twice ihe thickness of layer 10. Light a & not added to 
and synthesized with light & with the zero optical path 
difference. The zero optical path difference means ihe 
absence of layer 10. This leads to the Fact that no 
reflected light is present at layer 10 (reflectance R of 
layer 10 is 0%). This Is the reason why reflectance R 
becomes zero at the zero f ffm thickness in FIG. 6. 

When the thickness of layer 1 0 lads within the range 
of 40 nm to 2ero, the opposite-phase components of the 
two reflected light beams are reduced, and rn-phase 
components are increased instead. As a result, reflect- 
ance R for layer 1 0 has a peak at an intermediate point 
(about 20 nrn; f IguTed out as In phase difference) In 
the thickness range of 0 to 40 nm of layer 10 at which 
two layer beams have in -phase components, as shown 
in FIG. 0. 

When two laser beams (wavelength: 650 nm) are 
synthesized wHh a shift o* B0 nm (corresponding to 40 
nm In one way of a reciprocal path of layer 10) corre- 
sponcfing to the harr-wavelength component (phase dif- 
ference n) in a propagation path from the minimum 
reflectance pornt (i.e., the paint of 40 nm in thickness of 
layer 10), these two laser beams ere added and synthe- 
sized. This rs the reason why reflectance R becomes 
maximum (peek) at 80 nm in film thickness of layer 1 0 in 
FK3.& 

Since a laser beam vrtrrates at a single wavelength, 
the peak and dip of reflectance R are repeated at a pre- 
determined period, as shown in FIG. 6. To obtain both 
high transparency T end high reflectance R at first infor- 
mation recording layer 10, the thickness of layer 10 is 
selected centered on 20 nm. 80 nm, or 160 nm (40 nrn. 
160 nm. or 320 nrn In the actual optfcal path length of a 
laser beam reciprocated in layer 10). lb assure the suf- 
ficient adhesion strength between first information 
recording layer 10 end substrate 30 to prevent 
peeling between substrates 30 and 40 at layer 10), the 
thickness of layer 1 0 is made larger. 

In fine, not only to satisfy both high transparency T 
and high reflectance R at first information recording 
layer 1 o t but also to prevent peeling of the recorcfng lay- 
ers at layer 10, the thickness of layer 10 is determined 
within the range hi which transparency T is not exces- 
sively lowered, by using as the criterion the peak" point 
of reflectance R at first information recording layer 10. 

More specifically, the thickness of layer 10 is 
selected in the range of 2Q nm to 1,000 nm Whan the 
recording layers are preferentially prevented from peel- 
ing due to a dropping shock, the thickness of layer 10 is 
preferably dose to 1,000 nm (« 1 nm). However, to 
assure high transparency T at layer 10 (i.e., a sufficient 
C/N ratio fs assured for a read signal from second infor- 
mation recording layer 20), the thickness of layer 10 rs 
made smaller. From the viewpoint of the practical bal- 
ance between "prevention oi peeling" and 'high C/N 
ratio", the thickness of layer 10 is preferably selected 
from ihe range of 20 nm to 280 nm Within this selection 
range, the size excluding the values near the dip (mini- 
mum point) or peak (maximum point) of reflectance R in 



Firj. 6 is selected in consideration of corresponding 
transparency T. 

FIG. 7 is a side view showing the schematic struc- 
ture Of a sputtering apparatus for forming first or second 

5 information recording layer 1 o or 20 on a double-layered 
optical disk having the structure shown in FIG. 3 or 4. 
FIG. 8 is a plan view of the apparatus In FlQ, 7. 

A disk-Eke rotating base (cathode plate) 103 for 
supporting polycarbonate substrata 30 (or substrate 40) 

10 is disposed near the ceiling in a vacuum vessel, so that 
Ihe rotating face of cathode plate 102 is horizontal. Sub- 
strate 30 (or 40) is supported on the lower face of rotat- 
ing base 102. A shaft on the upper face side of rotating 
base 102 is rotated by motor 1 10 through gear m acha- 
ts nism 101. Although not shown, cathode plate 102 is 
electrically grounded. 

Anode plates 1051 to 1054 on which sputtering 
sources (four target materials) are placed are disposed 
10 oppose upper rotating base 102. Of all the sputtering 

so sources, a target material (8i or TrOJ constituting inor- 
ganic dielectric layer (first information recording layer) 
10 of optical diskOD is placed on anode plate 1051. A 
target material (GegSbgled constituting phase change 
recording layer 90 is placed on anodeplate 1053, A tar- 

25 gel material (ZnS - SiOg) constituting transparent layers 
92 and 94 which sandwich inorganic oletectn'c layer 10 
or phase change recording layer 90 is placed on anode 
plate 1052. A target material (Al or AKMo) constituting 
reflection layer (second information recorcfing layer) 20 

so pieced on anode plate 1054. 

Anode plates 1051 to 1054 are rotated by a motor 
(not shown) during sputtering. Shutters 1031 to 1034 
which can be opened upon pivotal movements Of swing 
arms 1071 to 1 074 are disposed between anode plates 

55 1051 to 1054 and cathode plate 102. 

lb sputter Si or T1p2 on substrate 30, arm 1071 is 
pivoted to open only shutter 1031 . SI or TiOa on rotating 
anode plate 1051 rs made to oppose rotating cathode 
plate 102. In this state, an RF voltage fe applied to only 

40 anode prate 1 051 to uniformly form an Si Or Ti0 2 film on 
substrate 30. 

lb sputter ZnS - SiOg on substrate 30 or 40, arm 
1 072 is pivoted to open only shutter 1 032. ZnS » &O2 on 
rotating anode plate 1052 Is made to oppose rotating 

4$ cathode plate 1 02. In this state, an RF voltage is applied 
to only anode plate 1 052 to uniformly form a ZnS - SfCfe 
film on substrate 30 or 40. 

lb sputter GegSbyfas on substrate 40, arm 1073 is 
pivoted to open only shutter 1033. Ge 2 Sb 2 le$ on anode 

so plate 1053 Is made to oppose rotating cathode plate 
1 02. In this state, an PF voltage is applied to only anode 
plate 1053 to uniformly form a Qe^gT^ f8m on sub- 
strate 40, 

To sputter aluminum (Al) or aluminurri-rnofybdenum 
55 (A I -Mo) on substrate 40, arm 1074 Is pivoted to open 
only shutter 1034, Aluminum (Al) or aturrfrtum-molybde- 
num (Al-Mo) on rotating anode plate 1054 is made to 
appose rotating cathode plate 102. In this state, an RF 
voltage is applied to only anode plate 1 054 to uniformly 
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form an si urn in urn (AJ) gr alunninunrr-matybdenurn (Ah 
Mo) film on substrate 40. 

One of anode plates 1051 to 1054 to which the 
sputtering RF voltage id applied is determined by the 
switched state of switch m. More specifically* 10 eput- s 
tor SI or TrOj, the RF voltage output from RF power sup- 
ply 112 is applied to anode plate 1051 through contact 
of switch 111. To sputter Zn& ■ SiO^, the RF voltage 
output from RF power supply 112 is applied to anode 
plate 1052 through contact c. of ©witch 111 . To sputter 

Qe 2 Sb 2 Te5 I the RF voltage output from RF power sim- 
ply 1 12 is applied tn anode plate 1053 through contact 
d of switch 1 1 1 . "lb sputter afuminum (Al) or aluminum- 
molybdenum (Al-Mo), the RF vol tags output from RF 
power supply 112 Is applied to anode plate 1054 
through contact a of switch 111. 

Contact selection control lor switch 11 and RF volt- 
age output control for RF power supply 112 are per- 
formed by ihe internal CPU In sputtering controller 120. 

Vacuum vessel 100 is connected to an exhaust 
apparatus (1141 to 1143) controlled by controller 120 
through gas exhaust ports t131 to 1133. This exhaust 
apparatus Fs constituted by rotary pump 1 141, cryo 
pump 1142, and valve 1143. Before sputtering, when 
valve 1 143 is opened, vacuum vessel 100 is exhausted 
by rotary pump 1141 and further exhausted by cryo 
pump 1142, so that a high-vacuum state on tha {ilbrr 
level can be obtained* 

Once the above high-vacuum state is set, argon 
gas (inert gas) serving as a sputtering gas is supplied 
from Ar gas cylinder 1 1 6 to vacuum vessel 100 through 
gas Inlet port 115, inlet valve 119, control valve (gas 
flow controirer] 116 1 and valve 117 In a very small 
amount (mTon level) The amount of argon gas it 
checked by internal pressure sensor (vacuum gauge) 
108 attached to vacuum vessel 100. The open/closed 
states of valves 1 1 7 to 1 19 are controlled, by controller 
120 in accordance with vacuum degree check results of 
Interna) pressure sensor 103, 

Thickness meter 106 for mon it o rin g the thickness of 
a thin film (10, 20, 90, 92, or 94) formed by sputtering on 
substrate 30 or 40 Is arranged near cathode plate 102. 
Controller 120 causes thickness meter 106 to monitor 
the sputtering amount from the sputtering source to 
substrate 30 (40). More specifically, controller 120 Is 
programmed to adjust RF powers supplied from RF 
power supply 112 to anode plates 1051 to 1034 so thai 
each thin -film (ID, 20, 90, 92, or 94) has a predeter- 
mined composition, while monitoring tha thin film sput- 
tered on substrate 30 (40). 

FIG& 9 to 1 2 are side views for explaining the oper- 
ation sequence of an apparatus lor adhering substrates 
(i.e., first disk substrate 30 having recording layer 10 
and second oTsk substrate 40 haying recording layer 20 
In FIG. 3) of an optical disk formed by the apparatus in 
FIG. 7. 

As shown in FIGS. 9 to 1 1 , this adhering apparatus 
comprises, In spinner S00 r spinning table 200 having 
guide pm 202 at the carrier of rotation, spindle motor 



210 for rotating spinning table 200, and an adhesive dis- 
penser 250 for appropriately supplying UV resin solu- 
tion 220 to spinning table 200. 

As shown in FIG. 9, polycarbonate substrate 30 
having first irrtormatfcn recording layer 10 formed ther- 
eon is mounted on guide pin 202 and placed on spin- 
ring table 200. Transparent UV resin solution 220 is 
then supplied from dispenser 250 to the central portion 
of substrate 30 in a predetermined amount 

As shown in Fia 10, polycarbonate substrate 40 
having second information recording layer 20 formed 
thereon is mounted on guide pfn 202 and placed on 
spinning table 200 so that the layer 20 formation face 
faces substrate 30. 

As shown in FIQ. 1 1 , substrates 30 and 40 sand- 
wiching UV resin solullon 220 at the central portion are 
rotated at a predetermined speed for a predetermined 
period of time. By this rotation, UV resin solution 220 Is 
uniformly spread from the central portion of substrates 
ao and 40 to the peripheral portion, so that adhesive 
layer 50 having a thickness ci about 50 jam is formed 
between substrates so and 40 (this operation is caned 
spin coaling of the UV resin solution). Excessive UV 
resin solution 220 reaching the peripheral perl ion of 
substrates 30 and 40 is scattered Outside by a centrifu- 
gal force by high-speed rotation during spin coating. UV 
resin solution 220 pressed out at me peripheral portion 
of substrates 30 and 40 « removed by an appropriate 
means (not shown). 

The double-layered disk of substrates 30 and 40 
sandwiching uniform UV resin solution 220 [adhesive 
layer 50) Is placed on belt conveyor 900 wfth substrate 
30 facing upward. The disk is conveyed immediately 
below UV lamp array 23d in lamp hood 240. UV resin 
solufor 220 between substrates 30 and 40 Is cured with 
ultraviolet irradiation from UV lamp array 230, thereby 
forming rigid adhesive layer 50 and hence obtaining 
double-layered optical dlekODL 

lb manufacture double-layered optical cfisks OD in 
mass production, the scale d UV lamp array 230 is 
increased, and a large number of disks OD are continu- 
ously conveyed (temporarily stopped if required) by belt 
conveyor below UV lamp array 230 at a predetermined 
speed. 

FIG. 13 is a flow chart lor explaining the sequence 
for forming first information recording layer 10 for dou- 
ble-layered optical disk OD using the apparatus shown 
in FIGS. 7 and S. A program corresponding to thfe 
sequence Is executed by the internal CPU in sputtering 
corrtnoPar 120 In FIG. 7. 

Controller 120 operates the exhaust apparatus 
(1 141 to 1 143) to exhaust vacuum vessel 100 to 5 uTorr 
or less white monitoring the internal pressure of vacuum 
vessel 100 using internal pressure sensor 108 (step 
ST10 and NO In step ST12). Controller 120 then con- 
trols the ON/OFF operation of control valve 118 while 
monitoring the internal pressure of vacuum vessel 100 
using internal pressure sensor 108, thereby supplying 
argon gas to vacuum vessel 100 at a pressure of 5 
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mTorror less (step STHand NO instep ST16). 

Sputtering an Inorganic dielectric (&g., Si ot TKD 2 ) 
is started using the supplied low-pressure argon gas as 
a sputtering gas. 

More specficaily, controller 120 opens shutter 1031 s 
to rotate cathode plate 102 on which substrate 20 Is 
mounted (step ST1S). At the same time, wrnle anode 
plate 1051 on which a target material of Si (or TlCy ts 
placed te rotated, a predetermined RF power Is applied 
to the sputtering source (e.g., SI) for a predetermined 10 
period of f me (step STEO) to form first Information 
recording layer 10 having a predetermined thicknass 
(e.g,, about 20 nm *30% or about so nm±30%) CYES in 
Step ST22). 

In me above errfcodfrnent up-sputtering is exempli- is 
f)Bd in which substrate 30 is disposed above the target 
material. However, side-buttering may be employed in 
which substrate 30 Is located besides a target material. 

FIG. 14 Is a flow chart lor explaining a sequence for 
farming second information recording layer 20 far dou- so 
He-layered optical disk OD using the apparatus shown 
In FIGS. 7 and 6. A program corresponding to this 
sequence can be executed by the CPU in sputtering 
conlrolfer 120 in FIG. 7. 

Controller 120 operates the exhaust apparatus 25 
(1141 to 1143) to exhaust vacuum vessel 100 toSpTorr 
or less while monitoring the internal pressure o! vacuum 
vessel 100 using internal pressure sensor 108 (step 
8T30 and NO in step ST32). Controller 120 then con- 
trols the ON/OFF operation of control valve 1 18 while 30 
monitoring the Internal pressure of vacuum vessel 100 
using internal pressure sensor 10S, thereby supplying 
argon gas to vacuum vessel 100 at a pressure of 5 
mTorr or less (step ST34 and NO in step ST36). 

Sputtering eJuirtrtum (Al) (or an alummurmrioryb- 55 
denum (Al-Mo}) is started using the supplied low-pres- 
sure argon gas as a sputtering gas. 

More specifically, controller 120 opens shutter 1 034 
to rotate cathode plate 102 cn which substrate 40 is 
mounted (step ST38). At the same time, while anode 
pterle 1 054 on whfch a target material of Al (or Al-Mo) is 
placed is rotated, a predetermined RF power is applied 
to the sputtering source (©,$., atumrnum-molyt)denum 
(Al-Mo)) for a predetermined period of time (step ST40) 
in a layer structure order {aluminum (Al) and then 45 
molybdenum (Mo)) to form second information neoord- 
fng layer 20 having a predetermined thickness (e.g., 
about 100 nm ±30%) (YES in step ST42). 

In the above embodiment, up-sputtering is exempli- 
fied in which substrate 40 is deposed above the target so 
material. However, side-sputtering may be employed in 
whfch substrate 40 is located besides a target material. 

A sputtering msthod using the apparatus shown in 
FIG. 7 Is exemplified, but layer 20 may be formed by 
vacuum deposition. & 

FIG. 1 3 fe a flow chart for explaining a sequence for 
forming recording layers (90 to 94) and reflection layer 
(20) on substrate 40 for med/wr Ite doubte-layerod opti- 
cal diskOD using the apparatus shown in FIGS. 7 and 
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8. A program corresponding to fiis sequence is also 
executed by the CPU in sputtering controller 120 in FIG. 
7. 

Controller 120 operates the exhaust apparatus 
(1 1 41 to 1 1 43) to exhaust vacuum vessel 1 00 to 5 jiTor r 
or lass while mentoring the internal pressure of vacuum 
vessel 100 using Jnternal pressure sensor 108 (step 
STS0 and NO in step ST52). Controller 120 then con- 
trols the ON/OFF operation of control vajva.118 while 
monitoring the internal pressure of vacuum vessel 100 
using internal pressure sensor ios F thereby supplying 
argon gas to vacuum vessel 100 at a pressure of 5 
mTbrr or less (step ST54 and NO In step ST56). 

(1) Sputtering aluminum (Al) serving as a target 
material is started using the supplied tow-pressure 
argon gas as a sputtering gas. 

More specifically, controller 120 opens shutter 
1034 above anode plate 1054 on which the target 
material of aluminum (Al) is placed, while remaining 
shutters 1031, 1032. and 1083 are kept dosed 
(stapSTS7). 

Controller 120 applies a predetermined RF 
power to the sputtering source (aluminum (Al)) for a 
predetermined period of time (step ST60) while 
rotating cathode plate 102 on which substrate 40 is 
mounted and anode plate 1054 on which the target 
material of aluminum (Al) is placed (step ST5S). 
thereby forming laser reflection layer 20 having a 
predetermined thickness a center value of 
100 nm) (YES fn step ST62). Of all the tiiin films to 
be formed on substrate 40, formation of thin film 20 
is ended (YES in step ST62; NO in step SfflS4). 

(2) Subsequently, sputtering a mixture of ZnS and 
SiOfe as a target material is started using as a sput- 
tering gas a low-pressure argon gas controlled to a 
pressure of 5 mTbrr or less. 

More specif telly, controller 120 opens only 
shutter 1 032 above anode plate 1052 on which the 
target material of ZnS-SiG 2 is placed, while 
remaining shutters 1081, 1033. and 1034 are kept 
dosed (Step S757). 

Controller 120 applies a predetermined power 
to the sputtering material (ZnS • SiCy tor a prede- 
termined period of time (step ST60) while rotating 
cathode plate 102 on which substrate 40 is 
mounted and anode plate 1052 on which the target 
material ZnS < SiO^ is placed (step ST58). thereby 
forming ZnS*Si0 2 layer 94 having a predeter- 
mined thictaess (e.g.. a center value of 20 nm) 
(YES rn step ST62). Of all the thin firms to be 
formed on substrata 40, formation of second thin 
Ulm 94 is ended (YES in step ST62; NO in step 
ST64), 

(3) Subsequently sputtering G^Sb 2 Te 5 as atarget 
material is started using as a sputtering gas a low- 
pressure argon gas controlled to a pressure of 5 
mTarr or (SSSv. 

More srjecmcaJry. control! 9 r 120 opens only 



10 



PAGE 26/58 ■ RCVD AT 1 1119/2007 4:20:49 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/5 1 DNIS:2738300 * CSID:61245W801 * DURATION (mm-ss):09-36 



11/19/2087 15:19 612-455-3801 



HSML, P.C. 



PAGE 27/58 



19 



EP0797194A2 



20 



shutter 1033 above anode plats 1053 on which the 
target material of G^Sbzlfes is placed, while 
remaining shutters 1031. 1032. and 1034 are kept 
closed (step ST57). 

Controller 120 appfies a predetermined power s 
to the sputtering material (GelgSt^Tes) for a prede- 
termined period of time (step ST60) while rotating 
cathode plate 102 on which substrate 4G is 
mounted and anode plate 1 053 on which the target 
material (Qe^Te*) is placed (step ST58), w 
thereby farming GegSbgTe^ layer 90 having a pre- 
determined thickness (e.g., a canter value of 20 
nm) (YES in step ST62). Of all the tfiin films to be 
formed on substrate 40, formation of third thin film 
90 Is ended (YES in step 8T62; NO in step ST64). w 
<4} Finally, sputtering a mixture of ZnS and SiOg as 
a target material is started using as a sputtering 
gas a low-pressure argon gas controlled to a pres- 
sure of 5 mTotr or less. 

20 

More specifically, controller 120 opens only shutter 
1 032 above anode pfcrta 1052 on which the targat mate- 
rial of ZnS»Si02 is placed, while remaining shutters 
1 031, 1033, and 1034 are kept closed (step 9T57). 

Controller 120 applies a predetermined power to ss 
the sputtering material (ZnS - SiCy tor a predetermined 
period of time (step STS0) whaa rotating cathode plate 
1 02 on which substrate 40 is mounted and anode plate 
1052 on which the target material ZnS-SfOg is placed 
(step ST58). thereby farming ZnS ■ SiOg layer 92 having 30 
a predetermined thickness (eg,, a center value of 180 
nm) (YES in step ST62). Of ail trie thin films to be 
formed on substrate 40, formation of fourth thin film 92 
is ended (YES in step ST62; YES in step 3T84). 

Double-layered optical disks formed by the method as 
of FrGS. 13 to 15 using the apparatus shown In FIGS. 7 
to 1 2 will be described by way ol its examples (samples) 
below (in each embodiment described above, the thick- 
ness of transparent adhesive layer SO Is exemplified as 
50 fim as the center value fn the rang© of 55 ±15 |im, but 40 
in the following examples, the thickness of each trans- 
parent adhesive layer 50 is 40 jim as the lower firm 
value in the range of 55 ±15 um). 

(Example 1 } 45 

In Example 1, first information recording layers 10 
were formed using a metal tNn fffm (e,g.. gold (Ail) and 
an inorganic dielectric (ag., Si). These layers will be 
referred to as samples A and B, respectively, so 

A porycaibonato substrate (refractive index: 1,6) 
having a diameter of 120 mm and a thickness of 0.6 mm 
was prepared. According to the DVD disk standard 
introduced in the "Prior Art", information having a 
capacity of less than 5 Gbytes is recorded on one face ss 
of a double-layered optica) disk, tn this example, for the 
sake of perfor m ance evaluation of a disk, embossed 
signals ware re p or te d In advance at a single frequency 
(4 MHz) cwesponCQng to the densest pattern for attain- 



ing this capacity. 

Of these two substrates, substrate 40 was set on 
rotating base 102 in the sputtering apparatus In FIG. 7. 

Exhaust valve 1 143 was fully opened, and vacuum 
vessel 1 00 was exhausted to a vacuum of 1 plcrr using 
rctarypiimpil4larxJciyDpurnpll42. Valve 117of Ar 
gas cylinder 116 and inlet vajve 1 19 of vacuum vessel 
1 00 were opened to sippry argon gas to vacuum vessel 
100. Inthfscase, the flow rale of argon gas (Ar gas) was 
regulated to 20 SCCM (20 CCAnln) by gas flow control- 
ler or control valv© 1 is. Exhaust varve 1143 is man 
opened half, and the argon (AO gas pressure In vacuum 
vessel 100 was set to O.e Torr (in this case, the gas 
pressure was higher than that exemplified In step S"R36 
of FIG. 14). 

Motor 110 was then turned on to rotate rotating 
base 102. Switch 111 was set on the anode plats 1054 
side, 13 56-MHz RF power supply 112 was turned on, 
and a 400 -W RF power was supplied to anode plate 
1054. thereby starting sputtering for Ihe target of alumi- 
num (A!) using argon (Ar) gas. 

A circuit matching state was controlled to allow the 
plasma of argon (Ar) gas to sputter the aluminum (Al) 
target surface. Sputtering was performed for about 2 
min to remove oxygen and impurities attached to the 
aluminum (Al) target surface. Shutter 1034 was then 
moved in a direction of an arrow (open state) to etartfdm 
formation of aluminum (AJ) on disk substrate 40. When 
about two minutes had elapsed, RF power suppfy 1 12 
was turned off to stop sputtering, and shutter 1 134 was 
closed. As a result a 100-nm thick aluminum (At) reflec- 
tion film was formed on substrate 40. 

The other Substrate 30 was then set on rotating 
base 102 in the sputtering apparatus in FIG. 7 in the 
same manner as described above. The target was 
replaced whh gold (Au) in advance. Gold (Au) semi- 
transperentf am 10 was formed following the same pro- 
cedures as in aluminum (Al). In this case, the conditions 
were different from the case of Al (aluminum) in that the 
RF power was set to 1 00 W and the firm formation time 
was set to 20 sec, and a 12-nm gold (Au) frtm was 



Substrate 30 on which gold (Au) semi-transparent 
f Urn 1 0 was formed was set in spinner 800 shown in FIG, 
9. UV resin solution 220 was poured from dispenser 250 
to gold (Au) sarrt-ttansparent film 1 0 whBe rotaBng spin- 
ning table 200 at a tow speed of 20 rpm. As shown in 
FIG. 1 1 , substrate 4€ was placed on substrate 30 such 
that the aluminum (AJ) reflection surface of substrata 40 
was In contact with UV resin solution 220. The speed of 
spinning table 200 was increased to 500 rpm, and high- 
speed rotation was continued for about 2 min, thereby 
uniformly spin-coating UV resin eofution 220 between 
substrates 30 and 40. 

After this spin coaling, the double-layered disk of 
substrates 30 and 40 was set on belt conveyor 900 of 
the UV irradiation apparatus shown in FIQ. 12. A 2-kW 
utfravfdflt beam from UV lamp array 230 was irradiated 
from the substrate 30 sfde on which Au samMranspar- 
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entfflin 1D was formed, thereby curing UV resin solution 
220 between the substrates, A disk sample (layer 10 
was the gold (Au> thin film) double-layered on the above 
sequence is defined as ^sample- Arl" used for relative 
evaluation of the present invention. 5 

In the same sputtering as described above, alumi- 
num (AO reflection film 20 was formed on substrate 40 
of two polycarbonate substrates [embossed signals 
were recorded at a single frequency of 4 MHz as in 
"sample each having a diameter of 120 mm, a w 
thickness of 0.6 mm, and a retractive index of 1.6. 

The other substrate 30 was placed in the sputtering 
apparatus. Once the sputtering apparatus was evacu- 
ated to a vacuum, argon ( Ar) gas is supplied to the sput- 
tering apparatus, and Sputtering using as a target an ts 
inorganic dielectric material having a high refractive 
index (Si having a refractive index of 4) was performed. 
By this sputtering, Si film 10 having a thickness of about 
80 nm was formed. During Si film formation, the RF 
power was set to 400 W, and sputtering was performed a> 
for 3 rrtn and 30 sec. Thesa two substrates 30 and 40 
were adhered with a UV resm layer having a thickness 
of 40 um as in "sample A-1 ". 

A disk sample (layer 10 was the Si thin film) having 
the structure in FIG. 3 obtained by the above adhesion 2S 
procedure is defined as "sample B-r of Example 1 of 
the present invention 

A free fall test was conducted such that the result- 
ant "sample A-r and "sample B-r were dropped on a 
concrete floor from heights of 30 cm, 50 cm. 70 cm, and so 
100 cm from the floor. As a result, the substrates of 
•sample A-1 # peeled in ttie tree fail test from the height 
of 30 cm. According to "sample B-r of Example 1 rJd 
not peel in the free fell test from the height of 100 cm 

Each of two samples disks Arl and B-1 was loaded as 
in the disk evaluation drive apparatus shown in FIG. 5 to 
perform performance evaluation. Since the embossed 
pits were formed in the two substrates (30 and 40) of 
these two disks at the single carrier frequency of 4 MHz, 
these signals were read, and C/N ratios (Comer- to- 40 
Noise ratios) of the 4-MHz read signals were measured 
by spectrum analyzer 620. 

Disk OD or "sample A- 1 * was set in the evaluation 
drive of RGL s, and spindle motor 21 0 was controlled to 
obtain a constant linear speed of 3.6 mfe at each radial 45 
position. Continuous read light (read laser beam RL) 
having a power of 1 mW was irradiated from optical 
head 600, and the reflected beams was amplified by 
pre-amplrftef 616. The amplified reflected beam signal 
was dfgttlzed by dlojfeer 6iB r and the C/N ratio of the so 
digital signal was measured by spectrum anar/aier 620. 
A C/N ratio of 58 dB was obtained when the laser beam 
was focused on alumfnum (Al) reflection surface 20 of 
"sample A-1", 

A measurement was then similarly performed when ss 
the laser beam was focused on gold (Au) semHranspa r- 
ent film 10 of "sample M a to obtain a C/N ratio of 51 
dB. It wae thus found en increase in noise. This increase 
may be caused by island-like gdd (Au) dusters 



attached to substrate 30. which may ba measured as 



CjN ratios were similarly measured to be 60 dB and 
59 dB, respectively; when the laser beam was focused 
on aluminum (Al) reflection surface 20 and Si dielectric 
film 10 of "sample B-r. That is, in reading recorded 
information of layer 10 of 'sample B-r, unlike "sample 
A-r, noise was not Increased. A read C/N ratio of layer 
20 was higher than that of "sample A-r. 

In another measurement reflectance R was figured 
out to be about 28% from an amourri of laser beam 
reflected when the laser beam was focused on gold (Au) 
semi-transparent film 10 off "sample A-r. The same 
measurement as described above was performed tor Si 
dielectric film 1 o of "sample B-1 " to obtain a reflectance 
of 23%. S was confirmed that an appropriate amount of 
reflected beam was obtained although Sf layer 10 was 
transparent to the laser beam because 81 layer 10 had 
a high refractive Index 

Note that reflectance R is 40% or more from the flm 
thickness of 50 nm in the graph of FIG. 6. but reflect- 
ance R of 23% was obtained In the measurement result 
of Example 1 due to variaSons in fftm thicknesses. FIG. 
6 shows the results obtained by theoretically calculating 
changes in reflectance. The loss and errors of the actual 
products are not considered in these results in FIG. $. 
FOr example, when the thickness of SI film 10 varies in 
the range of 60 to 100 nm, reflectance R decreases to 
20 to 30% judging from the graph in FIG. a 

(Example 2 ) 

A structure of Example 2 was the same as that of 
Example 2 except that adhesive layer 50 was not 
formed of a UV resin having a thickness of 40 pun but of 
a transparent double-coated tape having a thickness of 
40 pm. Disks having layers 10 constituted by a 12-nm 
gold (Au) thin film and an 80-nm thick Si fhrn fflm are 
defined as "sample A-2" and "sample B-2T, respectively. 

The douWe-coated tape was compression-bonded 
at a reduced pressure to prevent mixing of bubbles dur- 
Hng adhesion. A free fall test was conducted for these 
two sample disks blowing the same procedures as in 
Example 1. The substrates of "sample A-2" peeled In 
the free fall test from the height of 30 cm, while the sub- 
strates of "sample B*2' did not peel si the free fail test 
from the height of 100 cm. 

(Example 3 > 

A sample was manufactured in the same structure 
(FIG. 3) as in Example 1 except that TK> 2 having a 
refractive index of 2.2 was used in place of Si as inor- 
ganic dielectric film io having a high refractive Index. 
This sample is defined as "sample C. 

A free tall teat was conducted for "sample C" in the 
same manner as in Example 1, and no peeStng was 

found in •sample C" in the free fell last from Vie height of 
100 cm. 
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A C/N ratio of "sample CT was measured fofrowing 
me same procedures as in Example i using the disk 
evaluation drive in FIG. 5. As a result, me C/N ratios 
were measured to be 60 dB and 57 dB t respectively, 
when the laser beam was focused on alurrtnum (A!) 5 
reflection face 20 and TI02 dielectric fece 16. The C/N 
retro of the light reflected by TiCfe lace 10 was slightly 
iDwerit^ntrtetbySifitoiobecauBeitmaybe assumed 
that the reflectance is 20% tower than that of Si when 
foe laser beam Is focused on TiCfe. w 

In Bib above description, the two feces of double- 
layered optica] disk OD are (hose of a read ROM disk 
However, as shown in FJG. 4, write, erase, or overwrite 
enable recording film 90 may be formed at reflection film 
20. In this case, there can be obtained a double-layered is 
optical disk in which a laser beam is focused an inor- 
ganic dfelectrfc ffim 10 to read ROM information, and a 
laser beam Is focused on recortflng film go to perform a 
write operation or a write, erase, and overwrite opera- 
tion. With tWs structure, the same effect as described so 
above (a high C/N rah'o and the Substrates conettuling 
the disk can hardly peel) can be expected using inor- 
ganic dielectric film 10 having a Ngh refractive index. 
Such an example win be described below. 

25 

(Example 4 ) 

A ctoubMayered optical disk having the structure 
shown in Fk3l 4 was manufactured. That is, an 80-nm 
thick Si film was formed as inorganic dielectric film 10 as so 
in Example 1 for substrate 30 in which embossed pH 
signals of Ihe densest pattern were recorded at a single 
frequency of 4 MHz. No embossed pit signals were 
recorded In the other substrate 40, and a continuous 
groove was formed in place of the embossed pit signals, 
Substrate 40 was set en rotating base 102 in the sput- 
tering apparatus in FIQ. 7. Si. ZnS - SiOg P a GogSb^T^ 
alloy, and aluminum (Al> were set as target materials on 
anode pistes 1051 to 1054 In vacuum vessel 100, 
respectively. 40 

Exhaust valve 1 143 was fully opened, and vacuum 
vessel 100 was exhausted to a vacuum of 1 uTcrr using 
rotary pump 1 Hi andcryo pump 1142. Valve 117 of Ar 
gas cylinder 116 and inlet valve 1 19 of vacuum vessel 
1 00 was opened to supply argon gas to vacuum vessel « 
100. tn this case, the flow rate of ergon gas (Ar gas) was 
regulated to 20 9CCM (20 CC/mln) by gas flow control- 
ler or control valve 11a Exhaust valve 1143 Is then 
opened half, and the argon (Ar) gas pressure in vacuum 
vessel 100 was set to 0.6 Torn so 

Motor 110 was then turned on to rotate rotating 
base 102. Switch 111 was set on the anode plate 1054 
side, a 13.56-MHz 400-W RF power was applied to the 
aluminum (AT) target After pre-spuflering for about 2 
mln. shutter 1034 is opened to torm a 100-nmalurnfrnim ss 
(AQ reflection film 20 on substrate 40 for a total of 2 nun. 

To remove radicals of aluminum (Af) once from vac- 
uum vessel 100. valve 1 19 wee cfosed, nnd v&h/? 1143 
was fuDy opened. The interior of vacuum vessel 100 



was set in a reduced pressure to a vacuum of 1 0 uTorr 
eoain. Valve 11$ was opened to supply argon <Ar) gas 
to vacuum vessel 100. Exhaust vabe 1 143 was opened 
half to regulate |he internal pressure of vacuum vessel 
100 to 0.6 Torr. Switch 1ii was then sal on the anode 
pfate 1 052 side to turn on RF power supply 1 1 2 to apply 
a 200-w power to ihe ZnS * SIGfc target After p re-sput- 
tering for about 2 min, shutter 1032 was opened. After 
30 sec. RF power supply 112 was turned off to form 20- 
nm thick ZnS - St0 2 fffm 94 on aluminum (Al) film 20. 

Valve 119 was dosed again, and exhaust valve 
1 143 was Lilly opened to purge the ZnS - SiOa radicals 
from vacuum vessel 100. Valve 119 was opened again 
to supply argon (Ar) gas to vacuum vessel 100. and the 
pressure was set to 0.6 Torr. Swtoch 111 was then sei on 
the anode plate 10S3 ade to apply a 1 orj-W RF power 
to the GegSbgTes target. Alter prB-sp uttering for about Z 
min, shutter 1033 is opened to form 20-nm thick 
GegSb 2 Te 5 phase change recording film so on 
ZnS • Sr0 2 film 94 for a total of 1 min. 

Valve 119 was closed again, and exhaust valve 
1143 was fully opened. The GegSbsfTefi racficals were 
purged from vacuum vessel 100. As In the previous 
process, ZnSySiO was sputtered again. After sputtering 
for 4 mfc and 30 sec, RF power supply 1 12 was turned 
off to term 1 80-nm thick ZnS-SIC^ film 92 on 
Qe^SbaTds recording fflm 90. 

Substrates 30 and 40 thus prepared were adhered 
to each other through 40-fm thick UV adhesive layer 50 
such that morganic dielectric film 10 feoed phase 
change recording fam 90 as to Example 1. The resultant 
disk sample is defined as ^sample D". 

This "sample D" disk was loaded in the disk evalua- 
tion drive In FIQ. 5 to perform the following evaluation. 

Spindle motor 210 was controlled 10 obtain a con- 
stant linear speed of 3.6 rrvs at each radial position. A 
laser beam was irradiated from optical head 600 and 
subjected to focus servo so that the laser beam was 
focused on phase change recording film 90. The laser 
beam was then subjected to intensity modulation in two 
stages, i.e., at a power of 10 mw tor a write operation 
and a power of 4 mW for an erasing operation. Informa- 
tion was recorded at a single frequency of 4MHz with a 
duty ratio of 50%. 

A weak continuous read beam having a power of 
0.8 mW was irradiated to read a signal recorded on 
phase change recording fSm 9D, end the C/N ratio of the 
signal was measured to be 58 dB by spectrum analyzer 
620. The C/N ratio was lower than those in the read 
operations for layers 20 in Examples 1 to 3 due to the 
following reason, As compared with the read operations 
lor the embossed pits rn Examples 1 to 3, the amptHuda 
of a signal from the pit is slightly smaller than those in 
Examples 1 to 3 because a signal Is detected by a 
change in reflectance between the amorphous portion 
of a recording mark and a surrounding crystalline por- 
tion (ZnS • Si0 2 ). This is not an essential problem in the 
present Invention. 

ZrtS-SlOg dielectric film 10 was then subjected to 
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focus servo to read a 4-MHz embossed pit signal 
recorded In advance, and the C/N ratio of the resultant 
signal was measured to be 59 dB, which was equal to 
that in Example 1. The same result for the free fall teat 
as In Example 1 was also obtained (toe substrates of 
the disk did not peel in the free fell test from the height 
of t m). 

As descr&ed above, the double-layered optical disk 
of Ihe present Invention can be appOed to a type In 
which substrate 40 having reflection film 20 attached 
thereto and substrate 30 having inorganic dielectric film 
10 having a high refractive index and adhered thereto 
are acfiered to each other through transparent organic 
adhesive layer 50, a light beam such as a laser beam is 
Irradiated from substrate 30 on which inorganic dielec- 
tric film 10 is attached, and the fight beam is focused on 
inorganfc dielectric film 10 or reflection film 20 1o read 
information from the focused face. In this double-lay- 
ered optical dfak, the substrates win not peel at a per- 
tiorwiear the semi-transparent Am and is free from a 
problem in which the C/N ratio of the read signal from 
this face is lowered due to variations In reflectance due 
to an excessively small thickness of the senrMranspar- 
ent fnm. Therefore, a stable. high<?uality read signal can 
be obtained. 

FIG. 1 6 shows a modification of one-face read type 
double-layered optfeat disk shown in fig. 2 or 3. More 
spedf realty, FIQ. 16 fe a partial sectional view of double- 
layered optical disk OD in which the number of informa- 
tion recording layers is one 

In trie modification of FIG. IB, Intormation recording 
layer 20 in FIQ. 2 or 3 to replaced with dummy layer 20d 
on which information will not be recorded. When a total 
data amount to be stored In disk OD falls within the 
capacity of information recording layer 10, the modifica- 
tion in fig. 16 can be used (the recording capacity of 
about 5 Qbytes can be assured by only information 
recordfng layer 10). Dummy layer 20d can be consti- 
tuted by an aluminum-cased metal thin film of a prede- 
termined information pattern {ainoossed pit signals) 
having no substantial contents (phase "a predetermined 
information pattern having no substantial contents'* 
includes not only a case in which nothing Is written, but 
also a case In which monotonous data of data "0" or "1 * 
are written on the recording surface). 

FK3- 17 is obtained by modifying the structure in 
FK3. 16. More specifically, FIG, 17 tea partial sectional 
view of double-layered optical disk OD in whfch the 
number of information recording layers Is one. 

In the modfflcatfon of FIQ. 17, information recording 
layer 20 in FIG, Z or 3 is replaced with dummy & label 
layer 2odb. If optical disk OD Is specified as a douMe- 
layered disk having one recording layer by reading part 
of Information recording layer 10 first, a read apparatus 
for this disk OD can be initially set such that information 
access to durnmyG label layer 20cb is not performed. In 
this case, since dummy & label layer 20db need not 

reflect read feeer beam RU the material selection range 
for dummy & label layer 20db can be widened. For 



example, a polycarbonate film on which a label pattern 
isptinted can be used as dummy & febe! layer SOcfb. 

In the modification of FIG. 1 a or 17, the thickness of 
dummy layer SOd or dummy & label layer 20db need not 
s be specifically managed. However, Ihe thickness cf sub- 
strate 40 Including the thickness of dummy layer 20d or 
dummy & label layer 20db is managed to a predeter- 
mined value (0.6 mm). 

FIG. 18 shows still another modlficatior> of a one- 
10 face read type double-layered dsk In FIG, 2 or 3. More 
specifically. FIQ. 18 k a partial section^ view of double- 
layered optical disk OD in which the number of informa- 
tion recording layers Is four. 

Information recordfng layer (aluminum (Al)) 10a 
15 (two-layered structure) is formed through ultraviolet cur- 
ing resin layer 51 (this may be Wentcal to adhesive 220 
fh Fia 9) on substrate 30 having information recording 
layer (e.g.. SI) 10b formed ftiereon. Information record- 
ing layer (eg., aluminum (Al)) 20a (two-layered etruc- 
20 ture) is formed through ultraviolet Curing resin layer 62 
(adhesive 220) on substrate 40 hevfnQ information 
recording layer (eg.. Si) 20b formed thereon. Tha layer 
1 0a side of substrate 30 is adhered to layer 20a side of 
substrate 40 through adhesive layer $0 (adhesive 220). 
25 In the modif ication of FIG. 1 8, irtformation recording 
layers 10a and 10b are read-accessed with upward 
read laser beam RU , while information recording layers 
20a and 20b are read-accessed with downward read 
laser beam RL2. 
30 FIG. 19 shows still another modification of a one- 
face read type double-layered cfsk in FIG. 2 or 3. More 
spacficarry. FIG. 19isapartiaisecttonaJviewofdftjble- 
layered optical disk OD in which the number of infer mo- 
tion recording layers is three, 
& Inforrnatton recording layer (e.g.. aluminum (Al)) 
10a (two-layered structure) is formed through ultraviolet 
curing resin layer 51 (adhesive 220} on substrata 30 
having information recording layer (eg. p Si) 10h formed 
thereon, and Information recording layer (e.g., SI) 2Da 
40 (single-layered structure) is formed on substrate 40. 
The layer 10a ette of substrate 30 and the layer 20a 
side of substrate 40 are adhered through adhesive layer 
50 (adhesive 220). 

In the modifteatfon of FIG. 1 9 f information recording 
45 layers 10a and 10b are read-accessed with upward 
read laser beam RL1 , while information recording layers 
20a and 10a are read-access ad with downward read 
laser beam BL2. 

FIGS. 20A to 20D are views showing the steps in 
so marufocturtng double-layered optical efisk OD by adher- 
ing substrates 30 and 40 in a semi-disk state obtained 
through the steps in FIGS. 13 to 15. A description will be 
made under an assumption of a disk having tha struc- 
ture in FIG. 3. 

55 In FIG. 20A, pdycarbonete substrate (one half of 
double-layered optical cfisk OD) 30 was mounted on 
guide pin 202 of spinning table 200 such that first infor- 
mation recording layer (Si film) 10 facets upward Film 
spacer 60 having a thickness of 40 urn is mounted on 
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guide pin 202. 

After substrate 30 te brought into tfght contact with 
spinning table 200 and spacer 60 is brought frrto, tight 
contact wfth substrate 3D, urtravfalet curing adhesive 
220 having a low viscosity is appned (or dripped) in an $ 
appropriate amount 

As adhesive 220, an ultraviolet curing adhesive, a 
thermosetting adhesive, or an anaerobic curing adhe- 
sive having a viscosity of aoo to 300 mPa * s (mjffipas- 
calysec) Is appropriate. rc 

In FIG. 20B, Immediately after adhesive 220 is 
applied or dripped in a predetermined amount, polycar- 
bonate substrate (the other half of double-layerecf opti- 
cal disk OD) 40 is mounted on guide pin 202 of spinning 
table 200 such that second information recording layer is 
(an aluminum (Al) thin film or an alummum-rnolybrJe- 
num (fll-Mo) alloy thin firm) 20 bees downward. Sub- 
strate 40 Is brought Into contact with substrate 30 so as 
to spread adhesive 220 applied to substrate 30 (after 
substrates 30 and 40 are brought into tigjtf contact, sub- so 
strata 40 is not pressed against substrate 30 with an 
extra force). 

At this time, there is a high possibility that bubbles 
(or small dust) in a thin f 3m (prospective adhesive layer 
50) are spread between substrates 30 and 40. The gap ss 
between substrates 30 and 40 is larger than the thick- 
ness (e g., 50 jum) of spacer $0. there is a possibility 
met a small number of bubbles and dust may be present 
together with excessive adhesive 220 between the sub- 
strates. $q 

In FIG. 20C, alter substrata 40 is brought frrto tiohl 
contact wfth substrata 30. spinning table 200 is rotated 
at a predetermined high speed (about 100 to 2,000 rpm; 
mis speed need noibe a constant Speed, but can be a 
variable speed). Excessive adhesive 220 together with as 
the bubbles, dust, and the Eke between substrates 30 
and 40 are scattered by a centrifugal force during high- 
speed rotation. 

When high-speed rotation continues for a predeter- 
mined period of time (about 10 sec; this value, changes «? 
depencfing on conditions), the rotation speed of spin- 
ning table 200 is reduced to a low speed (eg., about 6 
rpm). At this time, adhesive layer 60 having an uniform 
thickness of 50 *im, free from bubbles, and regulated by 
the thickness of spacer 60 is left between substrates 30 *e 
and 40. A total thickness of substrates 30 and ao is eel 
to about 1.2 mra 

in FIG. 20D< ctouWe-layered optical disk OD in 
which adhesive layer 50 having a uniform thickness and 
free from bubbles fe subjected to ultraviolet irradiation so 
from urtravtolet lamp array 230. When ultraviolet irradia- 
tion oontmuea for a predetermined period of time, adhe- 
sive 220 canst&utfng layer 50 hardens to a practical 
strength. This makes it possible to perfectly integrals 
substrates 30 and 40. thereby finishing double-layered g$ 
optical disk OD. 

In the above process, the rotation speed of motor 

210 rotated at a high speed, and its high-speed rotation 
period can be selected to values SO as not to leave bub- 



'194A2 2a 

btes In adhesive fayer 50 and to allow the thickness of 
adhesive layer 50 to fall within the range of 40 ±5 nm in 
accordance with an experiment usmg a pfuratrty of sanv 
pies. 

The diameter of spinning table 200 is set to be 
slightly larger than the outer diameter (normally t20 mm 
or 80 mm) of optical disk OD to be manufactured. When 
the diameter of spinning table 200 Is set smaller than 
the outer tfarneter of optical cflsft OD. adhesive 820 
pressed out from the peripheral portion of double-lay- 
ered optical disk OD can be prevented from flowing 
between disk OD and the table surface of spinning table 

200, 

More Gpecffteany; the diameter of spinning table 200 
is set total within the range of. e.g. P about 115 to 117 
mm for double-layered optical disk OD having a diame- 
ter of 1 20 mm. The diameter of spinning table 200 is set 
to W within the range of 75 to 77 mm for double-layered 
optical disk OD having a diameter of 80 mm. 

Note that Spacer 60 may be formed of a polymer 
film having, e.g.. an inner diameter of 15 to 18 mm. an 
outer diameter of 20 to 21 mm. end a thickness of 50 
M-rn. 

If notHng is described on spacer 60, a polycar- 
bonate film, a polyethylene terephthaJate film, a polytm- 
ide him, or the like can be used as the polymer Urn used 
for this spacer 60. If fabeJ information Is to be printed on 
spacer 80, a polycarbonate film is appropriate To print 
information on spacer 00, the substantial thickness of 
spacer 60 upon printing must be managed to a desired 
thickness (e.g., 50 pm). 

When the two substrates are adhered by the 
method of FIQS- 20 A to 20D using spacer 00, the thick- 
ness (i.e., the optical path length of a laser beam pass- 
ing through adhesive layer 50) of the adhesive layer 50 
can be managed to the Him thickness of spacer 60. 
When the thickness of film spacer 60 concentrically 
sandwiched between substrates 30 and 40 is given as 
so nm, adhesive layer 50 sandwiched between sub- 
strates 90 and 40 is automatically set to a predeter- 
mined thickness (about 50 ±5 Jim) almost equal to the 
firm tnfekness ot 50 ^m of spacer 60. Tb increase the 
thickness of adhesive rayer 50, the film thickness of 
spacer 60 is increased accordingly. 

In the one-face read type do ubte- layer ed disk OD in 
FIG. 16 or 17, since a read operation is not performed 
from the second substrate 40 side, label LB can be dis- 
posed on the surface of substrata 40. In the structure 
shown In FIG. 1 8 or 19, since read access is performed 
from both laces of substrates 30 and 40, label Lb having 
a large area as shown in FIG. 16 or 17 cannot be dis- 
posed on disk OD 

In this case, by using transparent polycarbonate 
substrates 30 and 40, characters or a pattern associ- 
ated with the recorded Information of the disk may be 
primed on spacer 60 sandwiched between substrates 
30 and 40. h this aimngement the spacer 60 portion at 
the center of the disk can be used as a cfisk label 
although the visual information description amount is 
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limited. 

fn either embodiment, tha total thickness ofoouble- 
rayered optfcaJ disk 00 la managed to 1 .2 mm. For this 
reason, tha thickness (about 0.6 mm or less) of sub- 
strate SO (FIG. 10 or 1 9) haviriQ u V resin adhesive layer 6 
51 is smaller than the thictaess (about 0£ mm) of sub- 
strata 30 having no adhesive layer 51 by the thickness 
(about 60 jim) of adhesive layer 51 . Similarly, the thick- 
ness (about 0.3 mm or less) of substrata 40 (FIG. 19) 
having UV resin adhesive layer 52 is smaller than the to 
thickness (about 0.6 mm) of substrate 40 having no 
adhesive layer 52 by the thickness (about SO um) of 
adhesive layer 52. In any case, the thickness of each of 
substrates 30 and 40 may be appropriately conected in 
accordance vrftfi frie contents of the embodiment. is 

According to an embodiment, an aluminuirwrofyb- 
denum alloy thin fflm is used as eecond Information 
recording layer 20. The present Invention is not limited 
to this, A pure aluminum layer, a gold layer, or an alloy 
film of a refractory metaJ other than molybdenum (e.g., so 
tungsten, tantalum, nickel, cobalt platinum, chromium, 
or litanfum) and aluminum, which Is excellent in strength 
and anttoxtdation may be used In practice as second 
information recording layer 20 depending on application 
purposes of embodiments. Note that frie materia) of first ss 
information recording layer 10 is limited to a transparent 
material (e.g., Si) having a higher refractive index than 
that of substrate 30. 

According to the present invention, an inorganic 
dielectric materia] such as silicon is used to form first $c 
Information recording layer (serni-trarisparent f3m) 10 
bo as to sufficiently assure a high Interlace adhesion 
strength wfth adhesive layer 50. An Inorganic dielectric 
such as silicon is highly transparent to lasar beam 
(wavelength: 650 nm) RL even if the dielectric has a cer- & 
tain trflcknasa (e.g. , 20 nm, B0 nm. or 1 60 nm) (see FIG. 
6). Inorganic dielectric layer 1D made of silicon or the 
like has higher refractive index q than that of polycar- 
bonate substrate ao (n a 4 tor silicon with respect ton = 
IS for polycarbonate). For this reason, when a laser « 
beam is focused on layer 10, laser beam RL is relatively 
largely reflected between substrata 30 and layer 10. 
The thickness of inorganic dielectric layer 10 is assured 
to soma extent white the Wgh adhesion strength of dou- 
ble-layered optical disk OD is assured, thereby simuta*- 45 
neoualy satisfying a high transparency and a high 
reflectance of layer 10. 

According to the present invention, since the thick- 
ness of layer 10 can be made sufficiently thick, the sub- 
strafea of a double-layered optical disk in which so 
Information can be read from two layers of one fiaoe can 
hardly peel In the presence of a dropping shock and a 
changa overtime. 

Furthermore, according to the present invention, 
since layer 10 has a high transparency and a Wgh ss 
reflectance with respect to a laser beam, the quafity Of 
reflected beam signals from the two information record- 
ing layers can bo improved. That is, C/N ratios (Carrier- 
to-Nofaa) ratios of the reflected beam signals from the 



two recording Information layers can be sufficiently high. 
Claims 



1. An infori 
ing: 



mafion medium characterized by comprise 



a first substrate (30) having an Information pit 
read with a predeterrnined Qght beam (RL) and 
transparent to the prsdetermined right beam 
Wc 

a first information recording layer (10) formed 
on an information pH formation face of said first 
substrate (30) and made of an Inorganic dielec- 
tric (Si. TlOa) having a higher refractive index (n 
- 4 for Si; n » 2.2 far TiCy than that of said first 
substrate (30); and 

a second substrate (40) adhered to said first 
substrate (30) through said first information 
recording layer (10). 

2. An Mbrrraflon recording medium according to 
daim 1, characterized by further comprising: 

a second i n fo rm at i on recortfng layer (20) 
formed on an information pit formation face of 
said second substrate (40) and made of a 
reflection material (At A1-Mo) which reflects 
the light beam (RL);and 
an adhesive layer (60) for adhering said first 
substrate (30) and said second substrate (40) 
so that said first information recording layer 
(10) faces said second information recording 
layer (20). 

3. A medium accorcang to claim 1 or 2, characterized 
in that said Inorganic dielectric <1C) contains a 
material selected from the group consisting of sili- 
con (Si) and titanium oxfde (no*,). 

4. A mecfium according to any one of claims 1 to 3, 
characterized in that said inorganic dielectric, (10) 
has a thickness falling wHhin a range of 20 nm to 
1,000 nm and more preferably 20 nm to 200 nm. 

5- A medium according to any one of claims 1 to 4s 
characterized in that the reflection materia! (2D) 
contains one material selected from the group con- 
sisting of aluminum (AT) and an ahjn^num-rnofybds- 
numaJloy(AJ-Mo). 

& A medium according to any one of claims 1 to 5, 
characterized in tfiat said first substrate (30) con- 
tains polycarbonate (refractive Index n - 1 .6). 

7. A malum according to any one of claims 1 to 6 r 
characterized in that said first substrate (30) and 
said second substrate (40) are made of polycar- 
bonate disks (refractive index n » 1 ,6) each having 
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a thickness of 0.6 mn% 

8- A rrcxfium according to any one of daiim 1 to 7, 
characterized in that a mickness (e.g M a film thick- 
ness ol 20 nm±30% or 80 nm ±30% in the graph of s 
FIG. 6) of said inorganic dielectric (10) is selected 
on the basis of a 1/4 wavelength (40 nm) of a wave- 
length (about 160 nm obtained by dividing, a wave- 
length ol 650 nm fr> air by a refractive index of 4) of 
the light beam (RL) in saJd inorganic dielectric (10: « 
Si having a refractive index of 4). 
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A medium according to any one of claims 1 to 8, 
characterized in that said adhesive layer (50) con- 
tains an uHrevtclel curing resin (220 in FIG, 9 or 
FIGS, 20A 1o 20D) having a thickness (40 am to 70 
Jim) larger than fho thickness (20 nm) of said inor- 
ganic dielectric (10). 



10. A medium according to any one of claims 1 to 9. so 
characterized in that each of said first substrate 
(30) and said second substrata (40) has a dta&like 
shape having a hole and a predetermined outer 
diameter (120 mm or 60 mm), a predetermined 
innerdiameter(15mm).andapred^ & 
ftes$(Q.6 mm). 



said medium further comprises a spacer (60) 
having a specific outer diameter (21 mm), a 
specific inner cfiameter (about 15 to 16 mm), 
and a specific thickness (40 jim) and concentri- 
cally sandwiched between said first substrate 
(30) and said second substrate (40), and 
sad adhesive layer (50) is present between 
sad first substrate (30) and said second sub- 
strate (40) except a position of said spacer 
(60), and has a predetermined thickness 
defined by said spacer (60). 



11. An iriformafion recording mecSum according 10 
claim 1, characterized in that 

said first substrate (30) includes a transparent 
disk-like first substrate (30) on which informa- 
tion Is recorded as an embossed pit, 
said first information rscorcfing layer (10) 
includes an inorganic dielectric film (1 0) farmed 
on the embossed pit sfde of said first substrate 
(30) and havfng a higher refractive Index (n - 4 
for Si; n - 2.2 tor TiO^) than that (about 1.6 for 
polycarbonate) of said first substrate (30), and 
said second substrate (40) has the same 
shape as said first substrate 00); and 
said medium further comprising: 
an adhesive portion (50) for adhering said first 
substrate (30) and said second substrate (40) 
so that said inorganic dielectric fUm (10) faces 
said second substrate (40). 



30 



50 



12. An information recording medium according to 
claim 11, characterized in that 

said second substrate (40) includes a (fisk-Iike 
second substrate (40) on which another infor- 
mation is recorded as an embossed pit, and 

a reflection film (zo) formed on tfie 1 

pit side of said second substrate (40); and 

wherein said adhesive portion (so) is 
constituted by a transparent organic material to 
adhere said first substrate (30) and said sec- 
ond substrate (40) so that sakt inorganic die- 
rectrfclilm (10) faces said reflection fflrn (20). 

13. A medium according to claim 11 or 12, character- 
ized In that said inorganic tfefectric (10) contains a 
material selgcted from the group consisting of sili- 
con (SI) and titanium oxkte (TlOg), 

14. A medium according to any one of claims 11 to 13, 
characterized in that said inorganic dielectric (10) 
has a thickness faffing wifrtfn a range of 20 nm to 
1.000 nm and more preferably 20 nm to 280 nm. 

15. An information recording medium according to 
claim 1. characterized in that 

said first substrate (30) includes a transparent 
disk-She first Substrate (30) on which informa- 
tion is recorded as an embossed pit, 
said first information recording layer (10) 
includes an inorganic tfeiectrfc (ZhS-SiOa) 
film (10) formed on the embossed pit side of 
said first substrate (30) and having a higher 
refractive index than that (1 ,55 ±0.10: about 1 .6 
for ptf ycaitoonate) of said first substrate (30), 
eati second substrate (40) includes acflsk-fflce 
second substrate (40) on which another infor- 
mation Is recorded as an amtocssed prt, and 
a write/read, write/read/erase! or overwrite 
enable recording mm (90) formed on the 
embossed pit side of said second substrate 
(40); and 

said medium further comprising: 
an adhesive portion (50) made of a transparent 
organic material to adhere said first substrate 
(30) and said second substrate (40) so that 
said foorganfc dielectric film (10) faces said 
recording film (90). 

16L A medium according to claim 15. characterized in 
that said inorganic dielectric (10) contains a mixture 
(ZhS - SiOg) of zinc sulfide (ZnS) and sScon oxide 
(StOg). 

17. A method of manufacturing an information record- 
ing, medium, characterized by comprising: 

thefirslctepfSTl0toST22inFlG. 13) of form- 
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ing an inorganic dielectric film {10; tor exarnpte, 
6i) having a first predetermined thickness <e.g., 
20 nm) on a pit formation tee of a transparent 
disk-fite first substrate (30) on which informa- 
tion is recorded as an embossed pft said inor- $ 
. ganic dielectric film having a higher refractive 
index (about 4 tor Si) than that (1.55 ±0.10; 
about 1.6 for polycarbonate) of said first sub- 
strate (30); 

1Mb second step (S"T30 to ST42 in FIG, 14) of w 
forming a reflection f8m (20) having a second 
predetermined thickness (up to 100 nm) on a 
pit formation bee of a disk-Ilka second sub- 
strate (40) on which inter matfon is recorded as 
an embossed pit and is 
the third stop (steps in FIGSl 9 to 12 or step3 in 
FIGS. 20A to 20D) of facing a lace on which 
said inorganic dielectric fflm (10) of said first 
substrate (30) is formed in the first step and a 
face on which said reflection film (zo) of said so 
second substrate (40) is formed rn the second 
step, and adhering said first substrate (30) and 
eafd second substrate (40) through a transpar- 
ent adhesive layer (50). 

28 

18. A method according to claim 17, characterized in 
ihat said inorganic dielectric (10) contains a mate- 
rial selected from the group consisting of silicon (Si) 
and titanium oxide (TOg). 

30 

19. A method according to claim 17 or 18, character- 
ized in that said inorganic delectric (1 0) has a thick- 
ness faning within a range of 20 nm to 1,000 nm 
and more preferably 20 nm to 280 nm. 

35 

20. Arnemodaocon^ngtoanyoneofciaims^talS, 
characterized in that the reflectton material (20) 
carl Bins one malerfeJ selected from the group con- 
stetlng of aluminum (AT) and an aluminurn-rnefytode- 
num a Boy (Ai-Mo), 40 

21. A method according to any one of Calms 17 to 20, 
characterized in that said first substrate (30) con- 
tains pdycartoonaie (refractive Index n = 1,8). 

4S. 

22. A method according to any one of claims 17to2i r 
characterized in that said first substrate (30) and 
said second substrate (40) are made of polycar- 
bonate disks (refractive Index n- 1.8) each having 
a thickness of 0.6 mm. so 

23. AmetrKxlaocovdrngtoenyDneofdairnsl7to22 ) 
characterized in that said inorganic dielectric fOm 
(10) is formed by one of sputtering and vacuum 
deposition, sb 

24. AmetrKXiaOTOTdingtoany oneof darns 17to23. 
characterized In that said reflection fflm (20) is 
tanned by ono of sputtering and vacuum deposi- 



tion. 



25. A method of manirfecturlng an rnfcrrrraijon record- 
ing medium, characterized by comprising: 

the first step (ST1 0 to ST22 In FIQ. 1 3) of torm- 
ing an inorganics dielectric film (TO; a,g„ 
2nS • SlOg) having a first predetermined thick- 
ness (e.g„ 20 nm) on a pit toce of a transparent 
disk-like first substrate (30) on which informa- 
tion is recorded as an embossed pit. said inor- 
ganic dielectric film having a higher refractfve 
index (about 4 for Si) then that (1.55 ±0.10; 
about 1,6 for pofycarbonate) of said first sub- 
strate (30); 

tha second step (ST50 to STB4 In FIQ. 15) of 
forming a phase change recorcfing fflm (90) 
having a second predetermined thickness 
(ag., 20 nm) on a pit face of a disk-like second 
substrate (40) on which inforrnajion is recorded 
as an embossed pit, sard phase change 
recording film (90) being subjected to a revers- 
es phase change between an amorphous 
phase and a crystalline phase: and 
the third step (steps in F1Q& 9 to 1 2 or steps in 
FIGS, 20A to 20D) of facing a face on which 
said inorganic dielectric film (10) of said first 
substrate (30) is formed in the first step and a 
face on which sard phase change recording 
film (90) of said second substrate (40) is 
formed in the second step, and adhering said 
first substrate (30) and said second substrate 
(40) through a transparent adhesive layer (50). 

26. A method according to claim 2$, characterized in 
that sad Inorganic dielectric (10) contains a mixture 
(ZnS* SiOz) of zinc sulfide (ZrvS) and silicon oxfefe 
(SiOa). 

27. A method according to claim 25 or 26, character- 
ized in that said inorganic dielectric (1 0) has a thick- 
neas telling within a range of 20 nm to 1,000 nm 
and nweprefBrabfy20nmto280nm. 

2a A method according to any one of claims 25 to 27, 
characterized in that said first substrate (30) con- 
tains polycarbonate (refractive index n a 1 .s), 

23. A method according to any one of claims 25 to 28, 
characterized in that said first substrate (30) and 
said second substrate (40) are made of polycar- 
bonate disks (refractfve index n = 1.6) each having 
a thickness of 0.6 mm. 

30. A method according to any one of claims 25 to 29, 
characterized in that said inorganic dielectric fim 
(10) is formed by one of sputtering and vacuum 
depaeftton. 
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31 . A method according to any one of claims SS to 30. 
characterized in that said phase change recording 
film (90) is formed by one of sputtering and vacuum 
deposition. 

s 

3JL An fntormafion madfurrt according to claim 1, char- 
acterized in that 

said first Information recording layer (tO) fs 
made of a material other than the inorganic die- 10 
lectric material <S>, ncy having a higher 
refract Pve index than that of said first substrata 

m. 

33, An Information recording medium according to is 
cfaim 32, characterized in that 

sati first substrate (30) include* a transparent 
disk-like first substrate (30) on which informa- 
tkin is recorded as an embossod prt, 20 
said first information recording layer (10) 
includes a transparent mm (10; Zn3<SK)g) 
formed on the embossed pit side of said firs! 
substrate (30), 

said second substrate (40) incfudes a disk-like 
second substrate (40) on which another infor- 
mation is recorded as an embossed pit, and 
a write/read, write/read/erese, or overwrite 
enable recording turn (90) formed on ihe 
embossed pit side of said second substrate so 
(40); and 

eaM mecffurn further comprising: 
an adhesive portion (SO) made of a transparent 
organic material to adhere said first substrate 
(30) and said second substrate (40) so that 55 
said transparent fflm (10) faces said reoortfng 
fflm (90). 



34. An inforrmrtfon recording medium according to any 
one of claims 1 to 33. characterized in that said sec- 
ond substrata (40) Is adhered to said first substrata 
(30) so as to rrtarpose said first information record- 
frig layer (10) through a predetermined adhesive 
layer (so): and a second information recording layer 
(20) is formed on an Iriformatlon pH formation face 
of said second substrate (40). 

wherefn physical properties (e.g., refractive 
Indices and thicknesses) of said first substrata (30), 
said first information recording layer (10), said 
adhesive layer (50), and said second information 
recording layer (20) are determined so that rafted- 
encea of said first information recording layer (10) 
and said second in forma tion recording layer (20) 
are set to about at least 18% each with respect to 
the fight baam (Ftg incident from said first substrate 
(30) to said second substrate (40). 



194A2 36 

tail wfmin a range of about 18% to about 30%. 

36. A medium according to claim 34 or 35, character- 
ized In that said first rrrfbrrnation recorcfing layer (10) 
contains silicon nitride (SI3N4). 

37, A medium according to any one of claims 34 to 36, 
characterized in that said adhesive layer (50) con- 
tains an uftravtotet curing resin having a thickness 
of 40 iim to 70 urn. 



36. A medium according to claim 34. characterized in 
thai the reflectance for the light beam (Rq is set to 
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The Searoh Dlvtelori considers ttaftlh* pteeent European V^WM**^ 

requirements ol imliy of Invention and ietetes to gerenti Inventions or group© of Inventions*, namely k 

1. Claims: l-12,14(When depending on 11},32, 34-37, 

Information medium having a first substrate showing a pi t 
pattern, covered by a Inorganic dielectric layer of higher 
refraction than the substrate.and a second substrate 
covering said dielectric layer. 

Optlonnaly, the second substrate shows a second pit pattern 
covered by a refecting layer. 

The medium 1s further characterized (tn claims 4 and B) by 
the thickness of the dielectric layer. 

2. Claims: I3,14(whei> depending on 13), 

Information «ed1uni having a first substrate showing a pit 
pattern, covered by a inorganic dielectric of higher 
refraction than the substrate, and a second substrate 
covering said dielectric layer. 

Optlonnaly, the second substrate shows a second pit pattern 
covered by a refecting layer. The medium being characterized 
by the composition of the dielectric layer as a mixture of 
51 and T102 

3. Claims; 15, 16. 2B-31 

Information medium having a first substrate showing a pit 
pattern, covered by a inorganic dielectric of higher 
refraction than the substrate,and a second substrate 
covering said dielectric layer, a second substrate showing 
a second pit pattern covered by a refecting layer. The 
medium further comprising a write/read , write/read/erase 
overwrite enable recording film on the embossed side of the 
second substrate . 

A method of manufacturing a dlsK as substantially disclosed 
1n claim IS, 



4. Claims: 17-24 

A method of manufacturing a disk as substantially disclosed 
In claim 2. 

5. CU1A : 33 

Information medium having a first substrate showing a pit 
pattern, covered by a Inorganic dielectric of higher 
refraction than the substrate, and a second substrate 
covering said dielectric layer. a second substrate showing 
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a second pit pattern covered by a refecting layer. The 
aedluiti being characterized by the composition of the 
dielectric l*yer as a mixture of ZnS and $102 
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